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PREFACE 


INTERPRETING THE NATIONAL ELECTRICAL CODE? is a text and workbook designed as a self- 
contained study course for learning to read and interpret the meaning of the Code, and to find information 
about how to do wiring installations. This text is intended for use by personnel with some experience in elec- 
trical wiring and use of the National Electrical Code®. The text is organized into 15 units covering the entire 
Code. The individual units cover a particular subject and show how to find information about that subject in 
the entire Code. 


PREREQUISITES 


Electrical wiring experience and a basic familiarity with the NEC® are desirable for the student to max- 
imize learning from this text and the course in which it is used. Basic arithmetic, written communication, 
and reading skills are required for the course. Students with an interest in electrical wiring and the Code will, 
after completion of this text and course, be able to find information from the Code needed to do residential, 
commercial, farm, and industrial wiring and to be successful with electrical examinations. 


EACH ARTICLE DISCUSSED 


A brief description of the type of information found in every article of the Code is included in the text. 
Code article discussions are included in the unit of the text where the article contains important information 
for the subject of that unit. The Contents provides a list of Code articles included in each unit to provide a 
quick reference for the student to find information in this text. 


CODE CHANGES DISCUSSED 


This text contains a discussion of the NEC® changes of significance since the last edition of the Code. 
The articles that pertain to the subject of the unit as listed in the Contents are contained in each unit. This 
discussion of changes is intended to explain the meaning and application of the change. Every article of the 
Code is included in this discussion of Code changes. 


USEFUL WIRING INFORMATION INCLUDED 


Each unit of this text contains useful information for understanding the meaning behind Code require- 
ments, or information on the subject of the unit useful for applications in the field that is not included in the 
Code. This text can, therefore, be used as a handy reference for making wiring installations. 


SAMPLE CALCULATIONS 


Many types of calculations are needed for making electrical installations. This text includes a discus- 
sion of the Code requirements, and then provides sample calculations as would be typically encountered in 
everyday wiring. Methods have been developed in this text that help the electrician better understand the 
Code requirements for making electrical calculations. 


Xiv 
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ILLUSTRATIONS 


The illustrations in this text provide numerous references to Code sections to help the reader find 
important information in the Code. The purpose of the illustrations is to help the reader gain an understand- 
ing of a typical application of a particular Code section. It is not possible for an illustration to provide all 
information contained in a particular Code section. It is important that the reader study the particular Code 
section referenced to gain a complete understanding of the meaning of the Code section. 


PRACTICAL CODE QUESTIONS AND PROBLEMS 


Learning to find information in the NEC® requires looking up answers to practical everyday wiring 
installation questions. Each unit of this text contains two sets of 15 practical questions or problems pertain- 
ing to the subject of the unit. The Beginning Worksheet contains questions that are at the Journey electrician 
or first license level and are especially useful for persons studying to take the first level electrician examina- 
tion. The Advanced Worksheet contains questions that are at the Master or advanced electrician level and are 
especially useful for persons studying to take a Master or advanced electrician examination. The questions 
are multiple choice, and the answers to the questions are found in the Code articles listed for that particular 
unit. Space is provided to write the Code sections where the answer was found. When calculations are 
required to obtain an answer, space may not be adequate to write the solution in the text. The instructor will 
give the answer and work the calculation during the class session. An answer sheet to hand in for grading is 
provided at the end of the text for the student to circle the answer and write the Code reference. 


METRICS (SI) AND THE NEC® 


The electrical trade in the United States continues to be based on the inch-pound system of measure- 
ments, while most of the remainder of the world uses SI metric (Systeme International d’ Unites) dimensions. 
The 2008 edition of the Code will continue to provide dimensions in SI metric followed with the inch-pound 
equivalent in parentheses. This text will provide dimensions in inch-pound units followed with the SI met- 
ric equivalent in parentheses. Electrical materials and equipment used in the United States continue to be pro- 
vided with inch-pound dimensions, although some plans and specifications may have dimensions given as 
SI metric. In this case, it will be necessary to make a conversion. Annex A-2 in this text gives common con- 
versions from SI metric to inch-pound units and from inch-pound units to SI metric. 

In general, the SI metric dimensions in the Code have been rounded to an even number. For example, 
12 in. is actually 305 mm. The Code rounds 12 in. to an even 300 mm. This rounding of units can result in 
a significant difference in measurements and in some calculations. Annex A-/ at the end of this text gives 
common lengths used in the Code and the SI metric conversions. When these distances are rounded as in the 
Code, Annex A-/ gives the difference. The Code in 90.9(D) permits either inch-pound or SI metric meas- 
urement to be used for electrical installations, even though they may be slightly different. 

Wire sizes continue to be given in the Code as AWG (American Wire Gage) and kcemil (thousands of 
circular mils). Standard SI metric wire sizes are in sq. millimeters and are different than standard AWG sizes. 
Conversions to sq. millimeters are given in the Code for standard AWG and kcmil sizes. These are consid- 
ered soft conversions since the basis for sizing the wires is AWG and kcmil. A hard conversion is a switch 
to standard metric sizes in sq. millimeters. 

Trade sizes of conduit and tubing continue to be used in the Code. Conduit threads continue to be spec- 
ified as National Pipe Threads (NPT). Some equipment may be provided with metric pipe threads, in which 
case adapters to NPT are provided. Because conduits and tubing of different types have different dimensions, 
standard trade sizes are used, which have approximately the same internal diameter. Actual dimensions of 
the different types of conduit and tubing are given in Table 4 of the Code. These standard trade sizes for the 
purpose of SI metric conversion have been given a number called a metric designator. This metric designa- 
tor is the approximate inside diameter in millimeters. Metric designators for standard conduit and tubing 
trade sizes are given in Table 300.1(C) and in Annex A-3 of this text. 


INTERNATIONAL RESIDENTIAL CODE” 


The International Residential Code® (IRC®) applies to the construction of one- and two-family dwellings. 
It is a standard developed by the International Code Council, Inc., and revised every 3 years. The first edition 
carried the date 2000, the second edition carried the date 2003, and the third edition carried the date 2006. The 
next edition will have the date 2009. The JRC°, adopted by a number of jurisdictions in the United States, is the 
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standard for construction of one- and two-family dwellings. The JRC® contains standards for building, mechan- 
ical, plumbing, and electrical installations. The electrical section of the 2006 JRC® is based on the 2005 edition 
of the National Electrical Code® (NEC®). The IRC® covers only 120/240-volt, single-phase, 3-wire services 
rated up to and including 400 amperes. Other sizes and types of service to a one- or two-family dwelling are 
permitted as covered in the NEC®. The JRC® has a numbering system different from the NEC®, and much of the 
text is written and organized differently in the two Codes. There are a few differences in the requirements of 
the JRC® as compared with the NEC®, but most rules in these two Codes are essentially equivalent. 

It is important for persons learning the electrical trade to determine whether the International 
Residential Code® applies in a particular jurisdiction. If the JRC® applies, it is recommended that persons 
studying this text practice looking up answers in the JRC® as well as in the NEC®. The INSTRUCTOR’S 
GUIDE for this text also provides Code references from the JRC® where applicable. In a few cases the 
answers are different, and those differences are explained. Electrical requirements are covered in Chapter 33 
through Chapter 42 of the IRC®. The section numbering system for the /RC® is different than for the NEC®. 
This text does not discuss the /RC® or give references from the JRC®. It will be left up to the instructor to 
explain how to find answers to questions based on the JRC®. 


E-RESOURCE 


The e-Resource includes PowerPoint slides, a testbank, and an JINSTRUCTOR’S GUIDE. The 
INSTRUCTOR’S GUIDE gives a detailed lesson plan for each of the 15 sessions. It is also possible to offer 
the course in segments of less than 15 sessions, and suggestions for a shorter format are provided. The 
INSTRUCTOR’S GUIDE contains all answers to the student homework questions and problems, as well as 
complete calculations. Code references are also given for each homework question or problem. Some ques- 
tions or problems have multiple Code references. All possible Code references are provided with a back- 
ground discussion to help the instructor explain the reasoning behind the answer and Code reference. 


TO THE STUDENT 


This is a text and workbook that can be used for self-study, but it was developed primarily for use with 
3 to 4 hours of instruction for each unit. The greatest benefit will be derived from the text and course if the 
student will make a concerted effort to work all problems and answer all questions. The only way to learn to 
find information in the NEC® and to interpret the information is to use the Code to find answers to daily 
wiring questions. The class discussion of the answers to questions will be of greatest meaning when the stu- 
dent has made an effort to find the answer and Code reference. 

The instructor will briefly review the main points of the Code material that will be used to answer the 
homework questions. These pointers may save time lost searching for answers in the Code. The instructor 
will review the changes in the Code of greatest significance since the last edition. This will help to avoid con- 
fusion with the previous Code. 

The student should quickly read the Code discussion portion of the text that describes the type of infor- 
mation found in each article. This will help to make question look-up more efficient. Then the student should 
read carefully the portion of the text that discusses Code material and gives sample calculations. Most prob- 
lems will be similar to these sample calculations. The student should work the homework problems. It will 
take 2 to 4 hours to answer the questions and work the homework problems. It usually works best to spend 
some time on several occasions rather than trying to work the homework all at one time. 

Before returning to class, write the answer and the Code reference on the answer sheet to hand in at 
the beginning of class. 

Important Note: Please note that this textbook was completed after all the normal steps in the NFPA 
70 review cycle—Proposals to Code-Making-Panels, review by Technical Correlating Committee, Report on 
Proposals, Comments to Code-Making-Panels, review by Technical Correlating Committee, Report on 
Comments, NFPA Annual Meeting, and ANSI Standards Council—and before the actual publication of the 
2008 edition of the NEC®. Every effort has been made to be technically correct, but there are always the pos- 
sibilities of typographical errors or appeals made to the NFPA Board of Directors after the normal review 
cycle that could change the appearance or substance of the Code. 

If changes do occur after the printing of this textbook, these changes will be included in the 
INSTRUCTOR’S GUIDE and will be incorporated into the textbook upon its next printing. 

Please note also that the Code has a standard method to introduce changes between review cycles, 
called “Tentative Interim Amendment,” or TIA. These TIAs and typographical errors can be downloaded 
from the NFPA Web site, http://www.nfpa.org, to make your copy of the Code current. 
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UNIT 1 


General Wiring 
and Fundamentals 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* name the sponsoring organization of the National Electrical Code®. 
* know how and when to submit a proposal to change the National Electrical Code®. 
* explain what is a tentative interim amendment. 
¢ describe direct current and alternating current. 


* calculate the unknown quantity if only two of these quantities are known: volts, current, 
or resistance. 

* determine the current in a circuit or equipment if power, voltage, and power factor are 
known. 

* determine the area of a conductor if the conductor diameter is given. 

* calculate the total resistance of a circuit if the values of resistance in either series or in 
parallel are given. 

* choose the correct ampacity table from Article 310 to determine the minimum size of 
conductor required for a wiring application. 

* answer wiring installation questions relating to Articles 90, 100, 110, 200, 300, 
310, 320, 324, 328, 330, 332, 334, 336, 338, 340, 382, 394, 590, or Chapter 9, 
Tables 8 or 9. 

¢ state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 90, 100, 110, 200, 300, 310, 320, 324, 328, 330, 332, 334, 336, 338, 340, 382, 
394, 590, or Chapter 9, Tables 8 or 9. 


ORIGIN OF THE NATIONAL ELECTRICAL CODE ° 


The first National Electrical Code® was developed in 1897. In 1911, the National Fire Protection 
Association (NFPA) became the sponsor, and the Code has been revised on numerous occasions since that date. 
Now it is revised every three years. The time schedule for revising the 2008 Code is listed in the back of the 
Code. The next revision will be the 2011 edition. 

The NEC® is available for adoption as the electrical law in a governmental jurisdiction. That govern- 
mental jurisdiction may add one or more amendments to allow for local needs, preferences, or conditions. 
It is not the intent of this text to cover amendments to the Code made by local or state jurisdictions, but an 
instructor using this material for a course may cover these amendments as an addendum to this material. 


Process of Revising the Code 


The process of revising the Code begins with any interested person who submits a 
proposal for changing the Code not later than the closing date for accepting proposals. This closing date is 
given in each edition of the Code. Proposals are mailed to the Vice President of the Technical Council, 
National Fire Protection Association, Batterymarch Park, Quincy, MA 02269. A blank form for submitting 
proposals is available on the NFPA Web site, http://www.nfpa.org. 
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2 Unitl1 


The proposals for changing a particular section or adding anew section or article are reviewed by the 
appropriate Code-M aking Panel (listed in the front of the Code) at the date listed in the Code. The Code- 
M aking Panel actions on proposals are published in a document titled the Committee Report on Proposals, 
which is usually available to the public in J uly of the year shown in the timetable of events in the Code. A ny 
interested person can obtain a copy of this document and make public comment that must be received by the 
NFPA not later than the closing date listed for public comment. A comment form is in the front of the 
Committee Report on Proposals. 

Code-M aking Panels meet in December of every third year to act on public comments. The Panel is 
only permitted to take action on sections of the Code for which public comment was received. The Code- 
M aking Panel’s actions at these two meetings constitute the changes that occur in the Code. The Committee 
Report on Comments reports on the Panel action taken on public comment. The electrical section meeting 
of the National Fire Protection Association in M ay 2010 results in the adoption of the 2011 Code. M embers 
present at that meeting are permitted to make motions to change Code-M aking Panel action taken on a par- 
ticular proposal published in the Committee Report on Proposals or change the action taken on a comment 
as published in the Committee Report on Comments. If the motion receives a majority vote of members pres- 
ent at the meeting, the change becomes a part of the new Code. A person who submitted a proposal that was 
rejected and made public comment that was rejected, can make a motion for adoption of the proposal at the 
annual meeting. Following this meeting of the electrical section of NFPA, the change process is completed, 
and NFPA publishes the Code. There is a brief period after the annual meeting when an appeal of panel 
action can be submitted to the NEC® Correlating Committee. The new edition of the Code is available for 
public sale by September of the year of the NFPA Annual Meeting when the Code was adopted. The 
Committee Report on Proposals, Committee Report on Comments, and a preliminary draft of the 
NEC ® can be accessed on the NFPA web site at http://www.nfpa.org. 

There is another means by which the Code may change in addition to the process previously 
described. This is by the issuing of a Tentative Interim Amendment or TIA. These are generally changes of 
such importance that they should not wait until the next Code. There is a process through which they are 
approved, and if approved, a TIA is added to the Code only for the duration of that edition. A TIA will auto- 
matically be submitted as a proposal for the next Code change, and it must go through the same process as 
all other proposals to remain as a part of the Code. 


ELECTRICAL CALCULATIONS WITH A CALCULATOR 


An electronic calculator is a valuable tool for making calculations required for electrical installations. 
It is important to become familiar with the proper use of your calculator. The procedures for making calcu- 
lations may be different from one calculator to another. T he following procedure is common for many calcu- 
lators, but it may be different for your calculator. If this procedure does not work for your calculator, then 
check the calculator instructions for each example problem. Practice with your calculator until you become 
comfortable with its operation. This will help you with the problems in this text as well as eliminating errors 
in electrical calculations on the job. There are more efficient methods of making the following calculations 
on some calculators; however, the following method works on most calculators. 


Example of String Multiplication 


Calculate power (P) when the voltage (V ), current (A), and power factor (pf) are known. 


P=V XA X pf =480V x 22A X 0.75 =7920 W 


Step Press Display 
1 480 480 
2 x 480 
3 22 22 
4 7 10,560 
5 x 10,560 
6 75 75 
7 = 7,920 <— 
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Example of Addition and Multiplication 


Determine the cost of several runs of conduit. The runs are 22 ft, 74 ft, and 15 ft, and the cost is $1.15 
per ft. 


Conduit cost = (22 ft + 74 ft + 15 ft) x $1.15 =$127.65 


Step Press Display 
1 22 22 
2 + 22 
3 74 74 
4 = 96 
5 + 96 
6 15 15 
7 = 111 
8 x 111 
9 1.15 1.15 

10 = 127.65 <— 


Example of String Multiplication and Division 
Determine the full-load current of a 3-phase, 37.5-kVA transformer with a 208-volt secondary 


winding. 
a= KWax 1000 _ 37.5 x 1000 _igg ria 
173 xV 1.73 X 208 
Step Press Display 
1 37.5 37.5 
2 x 37.5 
3 1000 1000 
4 = 37,500 
5 + 37,500 
6 1.73 1.73 
7 = 21,676.3 
8 + 21,676.3 
9 208 208 
10 = 104,.21<— 


FUNDAMENTALS OF ELECTRICITY 


An electrician must have a basic understanding of the fundamentals of electricity to perform most 
effectively in the field and also to pass electrical examinations. This section of the text is a brief review of 
minimum basic electrical fundamentals. 


AC and DC 


The Code refers to alternating current (ac) and direct current (dc). Direct current travels only in one 
direction in the circuit. A typical source of direct current is a battery or a rectifier. Figure 1.1 shows how the 


VOLTS 


TIME —_> 


Figure1.1 A plot of voltage in a direct current circuit over a period of time is a straight line. 
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4 Unit1l 


PEAK VOLTAGE (+) RMS VOLTS = 0.707 x PEAK VOLTS 


RMS VOLTAGE 


TIME 


VOLTS 
° 


PEAK VOLTAGE (-) 


Figure1.2 The plot of voltage in an alternating current circuit over a period of time is a sine wave, and the volt- 
age that would show on a meter would be the rms voltage. 


voltage in a direct current circuit would look if plotted on a graph over a period of time. An oscilloscope is 
an electrical instrument that can show the voltage and time plot of a direct current circuit. The voltage will 
be either a positive or a negative constant value. The level of voltage remains at a constant or a nearly con- 
stant magnitude. The polarity will remain either positive or negative. As long as the polarity does not change 
from positive to negative or from negative to positive, the electrical current will flow in one direction in the 
circuit. The polarity must change if the current is to reverse direction of flow in the circuit. 

In the case of an alternating current circuit, the voltage is constantly changing. The voltage increases 
to a maximum, then decreases back to zero. Then the voltage builds to a maximum with opposite polarity, 
then decreases in magnitude back to zero. This completes one cycle. Normal electrical power operates at 
60 cycles per second or hertz (Hz). A graph of an ac voltage varying with time is shown in Figure 1.2. This 
is what an ac voltage looks like if viewed on the screen of an oscilloscope, and the waveform is known as a 
sine wave from the mathematics of trigonometry. If an analog voltmeter with a needle or a digital voltmeter 
is connected to measure voltage across a component of an ac circuit, the voltmeter will indicate the root- 
mean-square (rms) voltage as indicated in Figure 1.2. The actual voltage is changing as shown in Figure 1.2, 
but the analog or digital voltmeter will register only a single value of voltage. The rms voltage is compared 
with the alternating voltage in Figure 1.2. The rms voltage is 0.707 times the peak of the varying voltage (sine 
wave) of the circuit. Or, the peak voltage of the sine wave is 1.414 times the rms voltage. R oot-mean-square 
is used in the definition of voltage in Article 100 of the Code. Alternating current frequencies other than 
60 Hz are sometimes used for special applications in electrical equipment. 

Many voltmeters are not true rms (root-mean-square) meters. The common hand-held voltmeter actu- 
ally measures the average value of the alternating sine wave at 60 Hz, which is 0.637 times the peak value. 
The voltmeter output is calibrated to increase the average voltage value by 1.11 so the output will be equal 
to the rms voltage (0.637 X 1.11 = 0.707). If the voltage is something other than a sine wave or if the power 
source is being altered by solid-state switching, the voltage indicated by the meter will bein error. It is also 
possible in some electrical systems for more than one frequency to be present at the same time. This is the 
case when harmonic frequencies are present on the same 3-phase, 4-wire circuits as mentioned in NEC® 
220.61(C). Under these conditions, an averaging voltmeter will not indicate an accurate rms voltage. The 
amount of the error will depend on the amount of harmonic distortion of the 60-Hz sine wave. True rms 
reading voltmeters are available. 


Metric Conversions 


Metric units are provided in the Code followed by the approximate equivalent English units. In most 
cases, the dimensions are distances, which are given in meters (m), centimeters (cm), and millimeters (mm). 
It is helpful to visualize the differences between common distances used in the English and M etric system. 
Figure 1.3 compares 1000 ft with 1 kilometer and 1 mile. Figure 1.3 also gives some useful conversion units. 

For the most part, distances, areas, volumes, and weights are the same as given in the previous edition 
of the Code, except the metric units are listed first. Frequently, the metric units have been rounded to even 
numbers. In some areas of the Code, the metric units have not been rounded. A table has been included in 
Annex A as a quick reference to some of the common metric length conversions. The table also gives the 
actual metric conversions. The longer distances may have a difference between the English and M etric units 
as much as several in. because of rounding of the M etric conversion. 
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1 MILE 


1 KM = 0.62 MILES 
1 KM 1 FT = 0.3048 M 
1000 FT = 304.8 M 
1 MILE = 1609 M 
1M = 3.28 FT 


1000 FT 
<> 


Figure 1.3 A comparison of common distances, M etric and English, used in the electrical trade. 


Since many distance dimensions are given in the Code in millimeters, it is useful to have a compari- 
son with the standard English units in fractions of an in. Figure 1.4 is amagnified version of the one-in. scale 
compared to millimeters. 

Measurement units given in the Code are required to be SI units (Systeme International d’U nites) fre- 
quently called metric units. The SI units are to be followed by the units commonly used in the United States 
known in the Code as inch-pound units, and these units will be in parentheses. This requirement is found in 
90.9(B), which calls for “hard conversions” from SI units to inch-pound units. “Soft conversions” for inch- 
pound units to SI units are permitted in some situations as given in 90.9(C). A soft conversion is an exact equiv- 
alent measurement in SI units and inch-pound units. Examples of hard conversions are switches to standard 
metric sizes such as metric conduit and tubing sizes and metric wire sizes. Another example of a hard conver- 
sion is the support of a cable within a certain distance of a box. The hard conversion may call for the support 
to be not more than 300 mm from the box. The SI dimension of 300 mm is a replacement for 12 in., which is 
actually 305 mm. For the moment, the support will be permitted to be 305 mm (12 in.) from the box, but some- 
time in the future the 12 in. will be deleted and the standard metric distance of 300 mm will be the maximum 
distance permitted. For now, either the standard SI units or the inch-pound equivalent units will be permitted 
according to 90.9(D). In this text, inch-pound units will be used followed by the SI units in parenthesis. 

When trade sizes are used, these are not exact dimensions and a hard or soft conversion is not mean- 
ingful. In these cases, trade size designators are used. For example, in 300.1(C) a trade size 1 in. conduit or 
tubing is given a trade size designator of 27. In this case, the 27 is the approximate inside diameter in mm. 
In some cases, an industry standard is to express a dimension as inch-pound units and there is no meaning- 
ful SI unit equivalent. An example is National Pipe Thread and thread taper of 3/4 in. per ft. The ratio of 1 to 
16 given in 500.8(E) is not a metric equivalent. Annex A-1 of this text gives the rounded SI unit equivalent 
for typical dimensions used in the electrical trade. 


Wire Dimensions 


Conductor dimensions used in the electrical trade are overall conductor diameter, and the conductor 
cross-sectional area. Conductor diameter is given in millimeters (mm), and conductor cross-sectional area is 
given in square millimeters (mm?). Conductor diameter using in. and cross-sectional area using square in. is 
still provided in the Code. In the future, there will be standard conductor sizes in square millimeters (mm?) with 
an allowable ampacity listed for each standard size. 

Wire dimensions are also given in American Wire Gauge (AWG) and in thousands of Circular M ils 
(kcmil). The k is the metric symbol for 1000. The c represents circular for Circular M ils. The mil is 1/1000. 
In the case of electrical wires, the mil represents 1/1000 of an in. The area of a wire is determined by taking 
the diameter of a wire using in., multiplying by 1000, and then squaring that number. Squaring a number 


1 IN. = 25.4 MM 


Figure 1.4 An expanded 1-in. scale compared to the equivalent dimensions in millimeters. 
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6 Unitl 


0.064 IN. X 1000 = 64 MIL 


DIAMETER 0.064 IN. DIAMETER 1.63 MM 


\ . SIZE 14 AWG __# 


Va \ A= a 
64 MIL 2.4 MM? ——> 
KA 3.14 X 1.63 X 1.63 
4 
64 MIL 


64 MIL X 64 MIL = 4096 CMIL 


Figure1.5 In theinch-pound system, the diameter of a wire in mils is squared to get Circular Mils, wherein the 
Metric system the area is in square millimeters found using the formula for the area of a circle. 


means the number is multiplied by itself. The old designation for thousands of Circular M ils is (MCM). The 
M is the Roman numeral for 1000. Some wires encountered in electrical wiring will be marked kemil and 
some will be marked MCM. Both of these designations represent thousands of Circular M ils. Area of a wire 
is expressed as Circular M ils, not as a true area. Common wire sizes are listed in Table 8, Chapter 9 of the 
Code. The area of the wire in square millimeters and Circular M ils is given in the table. 

W hen the diameter of a wire is given using in. as shown in Table 8, Chapter 9 of the Code, the diame- 
ter can be converted to mils by multiplying the diameter using in. by 1000.A mil is 0.001 in.A size 14AWG 
solid wire has a diameter of 0.064 in., and therefore the diameter would be 0.064 times 1000, or 64 mils. This 
is illustrated in Figure 1.5. 

The Circular M il area of a wire is obtained by squaring the diameter of the wire in mils, or multiply- 
ing the diameter by itself. The area of a size 14 AWG solid wire would be 64 mils times 64 mils, or 4096 
Circular M ils (4.096 kcmil) as shown in Figure 1.5. The values given in Table 8, Chapter 9 of the Code are 
approximate, so they may not match exactly with a calculation. 

In other parts of the world, wire sizes are in square millimeters (mm*), but the Code does not give stan- 
dard metric wire sizes or the metric equivalent sizes for standard AWG and kcmil sizes. Table 1.1 gives the 
metric equivalent sizes in mm? for standard AWG and kcmil sizes. 


Table 1.1 Metric equivalent conductor sizes for common AWG and kcmil wire sizes. 


AWG mm? kemil mm? 
18 0.8 250 127 
16 1.3 300 152 
14 2.1 350 177 
12 3.3 400 203 
10 5.3 500 253 

8 8.4 600 304 
6 13.3 700 355 
4 21.2 750 380 
3 26.7 800 405 
2 33.6 900 456 
1 42.4 1000 507 
1/0 53.5 1250 633 
2/0 67.4 1500 760 
3/0 85 1750 887 
4/0 107 2000 1013 
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(10.1 / KM) 
14 AWG COPPER _) } 3.07 0/1000 FT 


() ) ; (3.984 ©./ KM) 
TORS CORFE 1.21 0/1000 FT 


LARGER WIRE HAS SMALLER RESISTANCE 


Figure1.6 A wire with a larger cross-sectional area has a lower resistance for a given length. 


L) 


aL 


im) 


LONGER WIRE HAS MORE RESISTANCE 


Figure1.7 A long wire has a higher resistance than a shorter wire of the same size. 


Wire Resistance 


Conductor resistance is measured in ohms. The resistance of a conductor is different for different types of 
materials such as copper and aluminum. A conductor with a larger cross-sectional area than another conductor 
has a lower resistance for a given length. For example, the resistance listed for one kilometer of size 10 AWG 
solid uncoated copper conductor is 3.984 ohms (1.21 ohms per 1000 ft). A size 14 AWG copper conductor is 
smaller than a size 10 AWG, and a one kilometer (km) length of asize 14 AWG solid uncoated copper conduc- 
tor has a resistance of 10.1 ohms (3.07 ohms per 1000 ft). The resistance of a conductor decreases as the cross- 
sectional area of the conductor increases. This is illustrated in Figure 1.6. 

The resistance of a conductor increases as the length of the conductor increases. If one conductor of 
the same size is twice as long as another, the longer conductor will have twice the resistance of the shorter 
conductor. This is illustrated in Figure 1.7. The resistance of one kilometer (km) or 1000 ft of conductor at 
a temperature of 75°C is given in Table 8, Chapter 9 of the Code. If the resistance of the length of conduc- 
tor other than one kilometer or 1000 ft is desired, Equation 1.1 will be useful in determining the actual resist- 
ance of the conductor. 


Desired length (m) 


Resistancep esired length = — — wae = x Resistance, kin Eq. 1.1 
: Desired length (ft) : 
Resistance ecjred length = -— “1000 ft == xX Resistance; 999 ft 


Temperature has an effect on the resistance of an electrical conductor. As the temperature of a copper 
or an aluminum wire increases, the resistance will also increase. The change in resistance of a wire as 
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CL) } | 50°C, 122°F 


BOTH WIRES SAME SIZE AND LENGTH 


CL) } \ 25°C, 77°F 


HOTTER WIRE HAS HIGHER RESISTANCE 


Figure 1.8 The resistance of a wire increases as the temperature of the wire increases. 


temperature increases is illustrated in Figure 1.8. A wire carrying electrical current for several hours will 
have a higher temperature and a higher resistance than a wire not carrying electrical current. The tempera- 
ture of the area where a wire is to be installed is frequently different from one area to another. For copper 
and aluminum wires, and most other wires, the resistance increases as the temperature increases. T he resis- 
tivity (unit value of resistance of a material) of copper and aluminum wire is different, and it increases as 
the temperature increases. Table 1.2 gives values of resistivity for copper and aluminum at three different 
temperatures. Note that the resistivity increases as the temperature increases. 


Table 1.2 Resistivity of copper and aluminum conductors at different temperatures. 


Conductor type Resistivity, K 
25°C 50°C 75°C 
(ohm mm? / m) 
Copper 0.0180 0.0197 0.0214 
Aluminum 0.0294 0.0323 0.0352 
(ohm cmil / ft) 
Copper 10.79 11.83 12.87 
Aluminum 17.69 19.43 21.18 


The resistance of a given length of a particular size of copper or aluminum wire also can be determined 
at a particular temperature using Equation 1.2. The equation gives the relationship between total wire resist- 
ance, the resistivity of the wire, the cross-sectional area of the wire, and the length of the wire. The Circular 
Mil area of the wire is found in Table 8, Chapter 9. 


R=kx+ Eq. 1.2 
A 


R =resistance in ohms 

K =resistivity of material in ohm cmil / ft (ohm mm? / m) 
L =length of conductor in ft (meters) 

A = area of conductor in cmil (mm?) 


Example 1.1 Determine the approximate resistance of a 246 ft (75 m) length of size 3 AWG 
uncoated copper conductor which is at a temperature of 75°C. 


Answer: Look up the area of a size 3 AWG conductor in Table 8, Chapter 9 of the Code and find 
52,620 cmil (26.67 mm). Look up the resistivity, K, for a copper conductor in Table 1.2 at 75°C and 
find 12.87 ohm cmil/ft (0.0214 ohm mm? / m). Use these values in Equation 1.2 and find the resist- 
ance of 246 ft (75 m) of size 3 AWG uncoated copper conductor to be 0.060 ohms. 
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R =12.87 ohmemil /ftx ——2A°f — =0,060 ohm 
52,620 cmil 

R =0.0214 ohm mm?/m x — I5m__ = 0.060 ohm 
26.67 mm? 


Since the resistance of 1000 ft and one kilometer of size 3 AWG uncoated copper conductor is given 
in Table 8, Chapter 9, another way to get the approximate resistance of a 246 ft (75 m) length is to 
multiply the resistance per one-thousand ft by 0.246 (resistance per kilometer by 0.075 km) to get 
0.060 ohms (Equation 1.1). 


Table 8 in Chapter 9 gives the approximate cross-sectional area of the actual conductor in square mil- 
limeters in the second column and in circular mils in the third column. In the case of a stranded conductor, 
these are the approximate areas of a single strand multiplied by the number of strands. When determining 
the resistance of a conductor, the actual cross-sectional area of the conductor material is needed. There is an 
overall area column in Table 8. In the case of a stranded conductor, this is an area determined using the over- 
all diameter of the strands bundled together. The overall diameter of a conductor made up of strands will be 
greater than the diameter of a solid conductor of the same material cross-sectional area. This can be seen by 
comparing the overall diameters for conductor sizes 8 AWG and smaller in Table 8. When determining fill 
of a raceway, the overall area of the conductor is needed. When determining resistance of a conductor, the 
actual cross-sectional area of the conductor material is needed. Table 8 gives the actual area of conductors 
in both square millimeters and Circular M ils. Actual conductor area is needed for all sizes of conductors 
when making voltage drop calculations. Table 1.1 gives the conductor cross-sectional area in square mil- 
limeters for the complete range of conductor sizes. 


Ohm’s Law 


It is important to understand the relationship between electrical current, voltage, and resistance of an 
electrical circuit. This relationship is known as Ohm's Law. Equation 1.3 is Ohm's Law arranged to solve 
for current. The current in amperes is equal to the voltage divided by resistance in ohms. Assume the resist- 
ance of a circuit is held constant but the voltage is changed. According to Equation 1.3, if the voltage is 
increased, the current will increase. If the voltage is decreased, the current will decrease. This is illustrated 
in Figure 1.9. Note when the voltage is doubled from 120 volts to 240 volts, the current in the circuit of 
Figure 1.9 doubles from 12 amperes to 24 amperes. 


12 AMPERES 


120 VOLTS 100 


| 24 AMPERES 


240 VOLTS 100 


Figure 1.9 According to Ohm’s Law, doubling the voltage will result in a doubling of the current in the circuit 
if the resistance remains constant. 
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- = Eq. 13 
Resistance R 


Ohm's Law can be written to solve for the voltage when the current flow and resistance are known. 
Equation 1.4 is Ohm's Law arranged to solve for voltage. If the current flow through a wire increases, the 
voltage drop along the wire will increase. Figure 1.10. Ohm’s Law for a 10-ampere flow through wires with 
two different resistances. The voltage drop will be doubled for the wire with twice as much resistance when 
the current flow remains constant. 


Voltage = Current x Resistance E=IxR Eq. 1.4 


The resistance of a circuit or a device can be determined using Equation 1.5. If the current flow and 
the voltage are known, the resistance can be calculated. 


Resistance = — — -*- R= -- Eq. 15 
Current I 


Example 1.2 The voltage drop across an incandescent lightbulb is 120 volts, and the current flow 
through the lightbulb is 0.8 amperes. Determine the resistance of the lightbulb filament when it is 
lighted. 


Answer: The resistance is desired, and the voltage and current are known; therefore, use Equation 
1.5. 


Resistance = AY =150Q 
0.8A 


Some equations for Ohm’s Law may read impedance (Z) instead of resistance (R). Impedance is in 
ohms, and it is the combined effect of resistance, inductive reactance, and capacitive reactance in a circuit. 


Circuits 
Electricity must always travel in a circuit from a source of voltage back to the source of voltage. A 


simple circuit contains a voltage source, resistance of the wires and the load, and electrical current flow. The 
relationship that governs these quantities is Ohm’s Law, which was just discussed. M ost electrical circuits 


0.20, 
> /\/I/V/\ 
10 AMPERES 
e.0 
VOLT 
@ @ 
0.40, 
> A/V 
10 AMPERES 


Figure 1.10 Increasing the resistance for a constant current flow will result in an increase in voltage along the 
circuit. 
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Figure 1.12 There are multiple paths through a circuit where the loads or resistances are arranged in parallel. 


actually consist of several resistances in series or several resistances in parallel. Series and parallel circuits 
with three resistances are shown in Figure 1.11 and Figure 1.12. Troubleshooting electrical problems is 
much easier if the electrician has a basic understanding of series and parallel circuits. 

A series circuit has all of the loads or resistances connected so there is only one path through the 
circuit. Therefore, if there is only one path, the electrical current is the same everywhere in the circuit, as 
illustrated with Equation 1.6. The combined resistance of the series circuit is the sum of the individual resist- 
ances, as represented by Equation 1.7. The voltage at the source of the circuit will drop across the individ- 
ual series resistances. The sum of the voltage drops across all of the resistances in series will add up to the 
circuit source voltage, as indicated by Equation 1.8. Refer to the circuit of Figure 1.11 of a series circuit. 


eh=Gsl Eq. 1.6 
R,; =R, +R, +R; Eq. 1.7 
E,=E,+E,+E, Eq. 1.8 


Example1.3 Assume the resistances in the series circuit of Figure 1.11 are 4 ohm, 8 ohm, and 12 ohm, 
and the circuit is powered at 120 volts. Determine: (1) the total circuit resistance, (2) the current flow in 
the circuit, and (3) the voltage drop across the 8-ohm resistor. 


Answer: (1) The resistors are in series; therefore, use Equation 1.7 to find the total resistance. 


Rr =40+80+120=240 


(2) Total voltage and total resistance are known; therefore, use Ohm's L aw (Equation 1.3) to solve for 
current. 


Current = ces =5A 
240 
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(3) Ohm's Law can be used to determine the voltage drop across the 8-ohm resistor (Equation 1.4). 
The current determined in (2) flows through each resistor because this is a Series circuit. 


Voltage =5A X 8Q=40V 


This is the voltage drop across the 8-ohm resistor. The voltage drop across the 4-ohm resistor is 
20 volts, and across the 12-ohm resistor is 60 volts. The voltage drop across all series resistors adds 
to 120 volts. 


A parallel circuit has all of the loads or resistances arranged so there are as many paths for the elec- 
trical current to follow as there are resistances in parallel, as shown in Figure 1.12. The total electrical cur- 
rent flowing in the circuit is the sum of the electrical current in each path of the circuit, as indicated by 
Equation 1.9. The total circuit resistance is the most difficult quantity to determine. The reciprocal of the 
total resistance is the sum of the reciprocals of each resistance in parallel, as indicated in Equation 1.10. 
The total resistance of the circuit will always be less than the value of the smallest resistance in parallel. 
The voltage across each parallel resistance will be equal and the same as the source voltage, as illustrated 
in Equation 1.11. 


Ip =l, +l, tl, Eq. 1.9 


—- =—- +-—- +-—- Eq. 1.10 


E, =E,=E,=E, Eq. 1.11 


Example 1.4 Assume the parallel resistances in Figure 1.12 have the values of 4 ohm, 
6 ohm, and 12 ohm, and the circuit is operated at 120 volts. Determine the following for the circuit: 
(1) total circuit resistance, (2) total circuit current flow, and (3) the current flow through the 6-ohm 
resistor. 


Answer: (1) Thisisa-circuit with all resistances in parallel. The total resistance of the circuit can 
be determined using Equation 1.10. 


+ 244444 250 40.167 +0.083 = 0.500 
Rr 4.6 (22 
i= 200 

0.500 


(2) Ohm's Law can be used to determine the total current flow in the circuit (Equation 1.3). 


Current = IY =60A 
20 


(3) All of the resistances are in parallel, and there are 120 volts across each resistor. The current flow- 
ing through the 6-ohm resistor is found by using Equation 1.3, and dividing 120 volts by 6 ohms to get 
20 amperes. Using Equation 1.3, the current through the 4-ohm resistor is 30 amperes, and 10 amperes 
through the 12-ohm resistor. Note the current through each resistor adds to the total current, which was 
60 amperes (20 A +30A +10A =60A). Another way to determine the total resistance of the parallel 
circuit is to first find the total current. For this circuit, the total current was 60 amperes. T hen use Ohm's 
Law Equation 1.5 to find the total circuit resistance of 2 ohms (120 V /60A =2 ohm). 


Power and Work Formulas 


Power is the rate of doing work, as represented by Equation 1.12. It will take twice as much power to 
lift a weight a given number of ft in one minute as it will to lift the same weight the distance in two minutes. 
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Horsepower (hp) is a common unit of measure of power, but watts (W) is also a unit of measure of power. 
The conversion from horsepower to several other units of power is shown as follows: 


Power = ——- Eq. 1.12 


1 hp = 33,000 ft-Ib/min 
= 44,760 J /min 
= 746 W 


Electrical power in watts can be determined if the volts, amperes, and power factor of the circuit are 
known. For a direct current circuit or an alternating current circuit where the loads are resistance type, such 
as incandescent lights or electric resistance heaters, the power factor is 1.0. In the case of electric discharge 
lights, motors, and many other types of equipment, the power factor will be less than 1.0. A power factor 
meter can be used to determine the power factor of a particular circuit. Equation 1.13 is used to determine 
the single-phase power of a circuit, and Equation 1.14 is used to determine the power of a 3-phase circuit. 


‘ower _ =Volts x Amperes < Power Factor Eq. 1.13 
Single-phase 


Power, — = 1,73 < Volts x Amperes < Power Factor Eq. 1.14 
Example 1.5 A circuit of fluorescent luminaires (lighting fixtures) draws 15.4 amperes at 120 volts 
with a circuit power factor of 0.72. Determine the single-phase power in watts drawn by the circuit. 


Answer: This is a single-phase power problem. Therefore, Equation 1.13 is used. 
Power =120V x 15.4A xX 0.72 =1331W 


It is often useful to determine the current drawn by a particular load. This can be done by rearranging 
the power (Equation 1.13) to solve for current. The new form of the equation to determine current when the 
watts and voltage are known is given by Equation 1.15. 


Amperes= = —————————— Eq. 1.15 
Volts < Power Factor 


The power factor is 1.0 for dc loads and resistance ac loads such as incandescent lamps and resistance 
heating elements. The use of Equation 1.15 is illustrated by an example. 


Example 1.6 Determine the current drawn by a 100-watt incandescent lightbulb operating at its 
rated 120 volts. 


Answer: Use Equation 1.15 and note that the power factor is 1.0 for an incandescent lightbulb. 


Amperes = ae =0.83A 


120V x 1.0 


Heat is a form of work, and work is power multiplied by time. Heat is produced as electrical current 
flows through an electrical conductor. Equation 1.16 shows the relationship between heat (in watt-seconds), 
electrical current (in amperes), resistance (in ohms), and time (in seconds). 


Heat =I? x R x Time Eq. 1.16 


The kilowatt-hour (kWh) is a unit of measure of electrical work. A smaller unit of work is the watt- 
second. The watt-second is equal to one joule (J), which is the metric unit of measure of heat. The British 
thermal unit (Btu) is also a unit of measure of heat. The following are conversion factors for different units 
of measure of work or heat: 
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1kWh = 3413 Btu = 3,600,000 joules 
1 watt-sec. = 1 joule 

1 watt-hr. = 3600 joules 

lkilojoule = 0.948 Btu 


Example 1.7 A wire supplying power to an electric motor has a resistance of 0.2 ohm. Assume that 
a short circuit occurs at the electric motor controller, and the short-circuit current of 3500 amperes 
flows for one second. Determine the heat produced in the wire by the short-circuit. 


Answer: The heat produced is determined by using Equation 1.16. For simplicity, assume the resist- 
ance of the wire remains constant during the short circuit. 


Heat =3500A x 3500A x 0.2Q x 1s =2,450,000 J 


This is 2450 kilojoules or 2323 Btu. 


Efficiency 


The efficiency of a system or equipment is the output divided by the input. Efficiency of an electric 
motor can be calculated using Equation 1.17 provided it is known exactly how much power is being devel- 
oped by the motor. The watts drawn by the motor can be determined by using Equation 1.13 for a single- 
phase circuit, or Equation 1.14 for a 3-phase circuit. 


Efficiency = —————- = ————_ Eq. 1.17 


Example 18 A single-phase electric motor draws 9.8 amperes at 115 volts with a power factor of 
0.82. The motor is developing 4/2 horsepower. Determine the efficiency of the motor. 


Answer: Efficiency is determined by dividing the power developed by the input power to operate 
the motor using Equation 1.17. The power out of the motor is in horsepower; therefore, it must first 
be converted to electrical power. 


Efficiency = 02 9P< 746 WIND _ 9 49 oF 40% 


9.8A <x 115V x 0.82 


Student Practice Problems 


These practice problems on electrical fundamentals will help improve skills at working with the basic 
concepts of electricity previously discussed. Look for the equation from the previous discussion that relates 
to the problem. It is helpful to list the known information and the quantity desired. Then try to find an equa- 
tion using that information. Refer to the example problems for help. 


1. The resistance of 328 ft (100 m) of size4 AWG uncoated copper wire with resistance as given in Code 
Table 8, Chapter 9 is: 
A. 0.050 ohms. B. 0.101 ohms. C. 0.257 ohms. D. 1.250 ohms. 


2. You observe a technician using an oscilloscope to measure the voltage at an outlet. The value of the 
peak voltage of the sine wave on the screen is 167 volts. If you were to measure this same voltage with 
your rms meter, the rms voltage would be: 

A. 95 volts. B. 110 volts. C. 118 volts. D. 130 volts. 


3. A baseboard electric heater operates at 240 volts and draws 3.33 amperes. The resistance of the heat- 
ing element is: 
A. 72 ohms. B. 95 ohms. C. 110 ohms. D. 240 ohms. 


4, The current drawn by a 200-watt incandescent lamp operating at 120 volts is: 
A. 0.50 ampere. B. 1.00 ampere. C. 1.36 amperes. D. 1.67 amperes. 
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WAAAY 
WIRE RESISTANCE 
0.8 0 
LOAD 
240 VOLTS 
SUPPLY EES aaner 


WIRE RESISTANCE 
0.80 


Figure 1.13 A typical series circuit is one in which the resistance of the wire supplying the load is in series with 
the resistance of the load. 


10. 


An 18-ohm load is connected to a 240-volt power source using wires that each have a resistance of 0.8 
ohm. The circuit is shown in Figure 1.13. The voltage across the terminals of the load is: 
A. 120 volts. B. 130 volts. C. 220 volts. D. 240 volts. 


A 120-volt circuit supplies two loads connected in parallel. One load has a resistance of 20 ohms, and 
the other load has a current flow of 4 amperes. The circuit is shown in Figure 1.14. The total current 
flowing in the circuit is: 

A. 4 amperes. B. 5 amperes. C. 7.5 amperes. D. 10 amperes. 


The total resistance of the circuit with the parallel loads shown in Figure 1.14 is: 
A. 6ohms. B. 12 ohms. C. 18 ohms. D. 24 ohms. 


A 3-phase electric motor draws 68 amperes and operates at 230 volts with a power factor of 0.78. The 
power in watts drawn by the motor is: 
A. 11,200 watts. B. 16,350 watts. C. 21,105 watts. D. 28,654 watts. 


The 230-volt, 3-phase electric motor of Problem 8 is developing 25 horsepower. The efficiency of the 
motor is: 
A. 56%. B. 78%. C. 81.6%. D. 88.4%. 


A house is operating six 100-watt incandescent lamps, four 60-watt lamps, and four 40-watt lamps for 
six hours. The amount of electrical energy used during the six hours is: 
A. 6 kWh. B. 8.4 kWh. C. 10 kWh. D. 12.5 kWh. 


4.0 
120 VOLTS 
SUPPLY 3 AMPERES 3 200 


Figure1.14 A typical parallel circuit is one in which the loads are all connected to the same voltage source, such 
as the luminaires (light fixtures) in a room. 
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CODE DISCUSSION 


A person in the electrical trade who makes proper use of the Code must understand the background 
of the Code. Important information about the use of the Code is contained on the inside front cover and 
inside back cover. The first page of the Code and the last several pages of the Code also contain important 
information about the use of the Code, as well as the process by which itis maintained. The following infor- 
mation is from the front of the Code: Changes in the Code are indicated with gray shading. Where large 
blocks of text were added or given a major reorganization and rewriting, a vertical line is placed in the mar- 
gin. Vertical lines in the margin are also used to indicate changes in tables and figures. Where one or more 
paragraphs of text was deleted or moved to a different location, a dot is placed in the margin where the text 
was originally located. When text originates in another NFPA standard, the original document is referenced 
in brackets at the end of the paragraph such as [497:3.3.5.1.4], where the number in bold is the standard, and 
the other set of numbers gives the specific paragraph location. 

Article 80 is located in Annex H and is a set of rules available for adoption by a governmental juris- 
diction for administering and enforcing the electrical code in that jurisdiction. Article 80 is not to be con- 
sidered to be a part of the Code unless specifically approved by a governmental jurisdiction. NEC® 80.9 
states to which installations the new electrical code applies. For example, the code applies to additions, alter- 
ations, and repairs, but not to the existing building unless the new work causes the existing building wiring 
to be unsafe. NEC® 80.13 states what authority is placed upon the enforcing agency. For example, in 
80.13(1), the enforcing agency is permitted to make interpretations where a section of the Code may not be 
clear. This same rule is covered in 90.4 and is not new. NEC® 80.13(13) gives the enforcing agency the 
authority to order wiring or equipment be made exposed if it was concealed before an inspection could be 
performed. The makeup and duties of an electrical board are covered in 80.15. The permit process is cov- 
ered in 80.19, and plan review requirements are covered in 80.21. Qualifications of electrical inspectors are 
covered in 80.27. Key points are that the inspector have experience in the electrical trade and the inspector 
be certified by a nationally recognized inspector certification program. There is no requirement in Article 80 
that the inspector hold an electrical license. 

Article 90 sets the basic ground rules for understanding the remainder of the Code. The entire Codeis 
directed at meeting the purpose stated in 90.1 which is the “practical safeguarding of persons and property 
from the hazards arising from the use of electricity.” Following the rules of the Code will mean the instal- 
lation is “essentially free from hazard.” NEC ® 90.2 lists the installations covered by the Code and those that 
are not covered. Installations made on private or public property by a utility, such as area lighting, and is 
under the complete control of that utility for installation and maintenance, is generally not considered to be 
covered by the Code according to 90.2(A)(4) and 90.2(B)(5). NEC® 90.4 gives the local inspection agency 
authority to make interpretations when there seems to be a debate as to the meaning of aCode section. NEC® 
90.5(C) states that fine print notes (FPN) are only explanatory and not enforceable. NEC® 90.9 gives the 
Code rules relative to metric units. The Code will permit trade size designators rather than true metric con- 
versions, such as in the case of raceway sizes. In some cases, English units only will be given where it is an 
established industry practice. Itis very important to note that 90.9(D ) authorizes the use of approximate met- 
ric conversions. See the table of distances in Annex A of this text. In some cases, the M etric dimension and 
the English dimension may differ by several in. For example, “in sight from” is defined as a maximum dis- 
tance of 50 ft (15 m). As illustrated in Figure 1.15, the difference between 15 m and 50 ft is 97/16 in. Whether 
this be used as a “not greater than” or a “not less than” requirement, either the English or M etric dimension 
is considered meeting the intent of the Code. A disconnect located 15.24 m from a motor controller is still 
considered to be located within sight of the controller according to 90.9(D). 

Article 100 provides definitions of terms that are generally used in more than one article of the Code. 
If the term is used only in a specific article, the definition is usually provided in that article. There are sev- 
eral definitions in particular that will be helpful in understanding various sections throughout the Code. 
NEC® 110.2 requires that conductors and equipment installed according to the Code shall be approved. 
Approved means acceptable to the authority having jurisdiction. NEC*® 110.3 gives a list of criteria the 
inspector can use to evaluate an installation or equipment for approval. Listing and labeling are given as 
criteria for judging suitability of equipment. Listed is defined in Article 100. A nother important definition is 
continuous load. A ny load that is expected to operate at a maximum for three hours or more is considered 
to be a continuous load. 

A multiwire branch-circuit is common and there are several specific rules that apply to this type of cir- 
cuit. A multiwire branch-circuit (branch-circuit, multiwire) has two or more ungrounded conductors with 
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DIFFERENCE 
97/16 IN. ——>' 


(24 CM) 


IN SIGHT FROM 


Figure1.15 Approximate M etric conversions are permitted in the C ode, and where there is a difference such as 
50 ft (15 m), both dimensions are considered as meeting the intent of the C ode. 


a voltage between them, and share a common grounded (neutral) conductor as illustrated later in Figure 1.19. 
Two terms that can be confusing are receptacle and receptacle outlet. A receptacle is defined as a single con- 
tact device for cord and plug connected equipment. A receptacle outlet is a point on the electrical system 
where there may be one or more receptacles or other devices. 

Article 110 contains general information about electrical installations. A section that is important 
for the sizing of conductors for a branch-circuit or feeder is 110.14(C). When determining the minimum 
size of conductor for a circuit, the insulation on the conductors frequently has a higher temperature rating 
than the conductor terminations. Conductor terminations may be marked with the maximum temperature 
rating, but often they are not marked. It is in the case when the termination temperature is not marked 
that 110.14(C) becomes important. The basic rules are illustrated in Figure 1.16. According to 
110.14(C)(1)(a), if a termination is not marked otherwise, it has a 60°C rating if the overcurrent device 
protecting the circuit is rated 100 amperes or less or if the conductor is size 1 AWG or smaller. NEC® 
110.14(C)(1)(b) specifies that if the overcurrent device protecting the circuit is rated greater than 
100 amperes or if the conductor is size 1/0 AWG or larger, the termination is required to have a minimum 
rating of 75°C unless otherwise marked. 

Article 110 also gives the minimum work space requirements of electrical equipment. For electrical 
equipment operating at not over 600 volts, the minimum work space requirements are provided in 110.26. 


NEC® 110.14(C)(1) TERMINATION TEMPERATURE RATINGS 


= (OUAMPERES 1 AWG OR SMALLER 
e) OR Z INSULATION 60°, 75°, OR 90°C RATED 
SMALLER 


OVERCURRENT 
DEVICE 60°C TERMINATION 


LARGER [J 
THAN Q) 
100AMPERES 


| 


75°C TERMINATION 


Figure 1.16 Ifa conductor termination does not have a marked temperature rating, 170.14(C)(1) sets the tem- 
perature rating based upon the rating of overcurrent device or conductor size. 


1/0 AWG OR LARGER 
INSULATION 75° or 90°C RATED 


ON 
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TABLE 110.26(A)(1) MINIMUM WORK SPACE 
PANELS OPERATING AT 480/277 VOLTS 


A A 
3 FT 1 
3% FT 
(914 MM) (1.07 M) 4FT 
(1.22 M) 
WALL 
x x WALL} 
| 
UNGROUNDED GROUNDED 
RFACE 
Shane Sune ELECTRICAL 
EQUIPMENT 


Figure1.17 A minimum clear working spaceis required in front of electrical equipment based upon the voltage 
to ground in the equipment and whether it is facing an ungrounded surface, a grounded surface or equipment, or 
other equipment with exposed live parts. 


Figure 1.17 illustrates minimum working space clear distances required to be provided in front of electrical 
equipment operating at over 150 volts to ground. For equipment operating over 600 volts, the minimum 
required working clearances are given in 110.34. 

Article 200 primarily covers the means of identification of the grounded-circuit conductor (usually the 
neutral), and grounded-circuit conductor terminations on devices. NEC® 200.6(B) permits a conductor with 
insulation with a color other than white or green to be identified as a grounded conductor by adding a white 
marking, which completely encircles the conductor, at each termination at the time of installation. In the case 
of switch loops, where multiconductor cable is used, 200.7(C )(2) permits a white or gray conductor to be re- 
identified as an ungrounded conductor at all locations where the conductor is visible. The re-identified white 
conductor is also required to be the feed, supplying the source of power to the switch. Under no circumstances 
is it permitted to be the switched return conductor to the load. This rule is illustrated in Figure 1.18. 


NEC® 200.9 
TERMINAL 


WHITE COLORED 
WHITE OR GRAY 


NEC® 200.7 PERMITTED 


pete WHITE OR GRAY 
NOT PERMITTED 


NEC® 200.7(C)(2) 
PAINT OR TAPE 
RE-IDENTIFICATION 
REQUIRED 


Figure 1.18 Grounded-circuit conductors shall be white or gray, but a white or gray conductor when part of a 
cable assembly is permitted to be re-identified as an ungrounded conductor when used as the feed to the switch. 
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NEUTRAL 


Figure 1.19 A common neutral wire is run with two or more ungrounded wires in multiwire circuits. 


Article 300 is another section that covers general wiring installation methods. NEC ® 300.4 covers the 
protection of conductors passing through structural members. There are also minimum clearance require- 
ments for the installation of cables and some raceways run on the surface of studs and joists. The issue is 
the protection of the conductors from damage from nails and other fasteners. A dditional rules concerning 
boring holes and notching load-bearing structural members may be in the building code. Underground 
installations are covered in 300.5. Table 300.5 gives the minimum depth of burial permitted for different 
types of occupancies and different conditions. For farm and some commercial installations, 300.7 is partic- 
ularly important for conditions in which a raceway is exposed to different temperatures. There can be prob- 
lems of condensation in the raceway system, or there can be problems with damage to the conduit or sepa- 
ration of the conduit due to expansion and contraction. 

A multiwire branch-circuit is defined in Article 100 as a circuit that has two or more ungrounded con- 
ductors with a potential between them and sharing acommon grounded conductor. Typical single-phase and 
3-phase multiwire branch-circuits are illustrated in Figure 1.19. A requirement that deals with multiwire cir- 
cuits is 300.13(B). Removing a device in a multiwire circuit is not permitted to interrupt the neutral wire. 
This is illustrated in Figure 1.20. Numerous other miscellaneous, but important, requirements are covered 
such as supporting conduit, preventing induced currents, traversing ducts, and preventing fire spread. 

A minimum free length of 6 in. (150 mm) of conductor is required to be provided at each box to make 
up splices and to connect to devices and luminaires (fixtures). This rule is found in 300.14. If the box has 
an opening dimension of less than 8 in. (200 mm), then there shall be at least 3 in. (75 mm) of conductor 


NEC® 300. 13(B) — 
RED 
BLACK 7 
CO 
SPLICE ut 
REQUIRED 
O 
1 0 
i BLACK 
C 


COMMON NEUTRAL 


EQUIPMENT GROUNDING WIRE 


Figure 1.20 Device removal in multiwire circuits is not permitted to open the neutral conductor. 
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NEC® 300.14 MINIMUM LENGTH OF FREE CONDUCTOR; 
MINIMUM OF 3 IN. (75 MM) OUTSIDE OF BOX OPENING 


6 IN. (150 MM) 
MINIMUM 


6 IN. (150 MM) 
MINIMUM 


c/ek G-WIN |[ 


SM 


Figure 1.21 The 6 in. (150 mm) minimum length of free conductor is measured from the point where the con- 
ductor emerges from the raceway or cable sheath, and there must be a minimum of 3 in. (75 mm) of conductor 
extending outside of boxes with an opening less than 8 in. (200 mm). 


extending outside the box. This would mean that in the case of a box that is more than 3 in. (75 mm) deep, 
the actual free length of conductor may be required to be more than 6 in. (150 mm). The measurement of 
the free length of conductor is from the point where the conductors emerge from the raceway, or the cable 
jacket as illustrated in Figure 1.21. 

Article 310 is one of the most frequently used articles of the Code. This article contains the ampacity 
tables used to determine the minimum size of wire permitted for a circuit or load. Several methods can be used 
to determine the ampacity of electrical conductors, as stated in 310.15. Generally, Table 310.16, Table 310.17, 
Table 310.18, Table 310.19, and Table 310.20 will be used to determine the minimum size of wire for a par- 
ticular circuit. Table 310.16 can be used for all situations of not more than three wires in cable or raceway or 
in the earth. Table 310.17 applies to single insulated wires in free air. This would be the case for single over- 
head conductors mounted on insulators. Table 310.20 is for insulated conductors supported on a messenger 
such as triplex cable. NEC ® 310.15(C) provides a method permitted to be used to determine the ampacity of a 
conductor when the calculations are performed by or checked by an engineer. A number of ampacity tables are 
contained in Annex B of the Code. These tables are not generally permitted to be used to determine the ampac- 
ity of a conductor unless the governmental jurisdiction specifically permits the Annex B ampacity tables to be 
used. Several examples will help in understanding which table is to be used for which situation. K eep in mind 
that the ampacity tables only apply directly to raceways and cables that contain not more than three current- 
carrying conductors. If there are more than three wires, or if the wires are exposed to a temperature greater than 
30°C or 87°F, the ampacity as found in Table 310.16 or Table310.17 shall be reduced. Conductor derating for 
ambient temperature and number of wires in raceway or cable is covered in Unit 2. 

The allowable ampacity of a conductor depends upon the size of the conductor, the type of insula- 
tion, and the temperature rating of the splices and terminations. The allowable current must be limited to 
a value that will not allow the temperature of the conductor to exceed the withstand temperature rating of 
the insulation. At points where conductors are spliced or terminated into alug or under a screw terminal, the 
conductor operating temperature is not permitted to be higher than the maximum temperature limit of the 
termination. If a termination operates at more than the maximum temperature rating, it most likely will dete- 
riorate and eventually fail. A fire may result. If the conductor terminations ina circuit are rated 75°C, and 
the conductor insulation has a different temperature rating, such as THHN at 90°C, generally the column 
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of the table with a temperature matching the lowest temperature rating is used to find the allowable 
ampacity of the conductor for that circuit. That is not necessarily the case when applying adjustment and 
correction factors. 

Another factor that determines the actual ampere rating of a conductor is the rating of the overcurrent 
device (fuse or circuit breaker) used to protect the conductor from overheating. The actual load or calculat- 
ed load for a circuit is not permitted to exceed the rating of the overcurrent device no matter what size of 
wire is used. If a 20-ampere circuit breaker protects a circuit where the conductor is size 10 AWG copper 
with Type THHN insulation, the calculated load is not permitted to exceed 20 amperes, and if the actual load 
is continuous, it is not permitted to exceed 16 amperes for this circuit breaker. All of these factors must be 
considered when selecting the minimum size conductor for a particular circuit. 

Copper conductor sizes 14, 12, and 10 AWG, and aluminum conductor sizes 12 and 10 AWG, when 
used for most circuits have an overcurrent device maximum limit. In a previous edition of the Code, this 
limit was given in a footnote at the bottom of Table 310.16 and Table 310.17. Those overcurrent device lim- 
its are now in 240.4(D). The overcurrent device rating for size 14 AWG copper wire is 15 amperes, for size 
12 AWG itis 20 amperes, and for size 10 AWG it is 30 amperes. 


Example1.9 Three size 10 AWG, Type THWN insulated copper conductors are contained in a con- 
duit in a building. Determine the ampacity of the conductors if the ambient temperature does not 
exceed 30°C and all terminations are rated 75°C. 


Answer: Table 310.16 applies to this situation. Find the type of insulation in the copper conductor 
part of the table (75°C column), and find the ampacity that corresponds to size 10 AWG wire, which 
is 35 amperes. 


Example 1.10 Type USE Aluminum Cable, size 2 AWG, consisting of three current-carrying con- 
ductors, is directly buried in the earth at a depth of 24 in. (600 mm). Determine the ampacity of the 
cable if all terminations are rated 75°C. 


Answer: Table 310.16 applies in this situation. Find the ampacity of size 2 AWG aluminum in the 
column headed with conductor insulation Type USE. The cable is rated at 90 amperes. 


Example 1.11 Type XHHW aluminum wire, size 4 AWG, is installed overhead in free air as single 
conductors on insulators. A ssume that the ambient temperature does not exceed 30°C and that at times 
this would be considered a wet location. Assume the terminations at the drip loop are rated at 90°C. 
Determine the ampacity of the aluminum wire in this situation. 


Answer: Table 310.17 is used in the case of single conductors in free air. Note that there are two 
columns of aluminum wire with Type X HHW insulation listed, the 75°C column and the 90°C col- 
umn. It will be necessary to refer to Type XHHW insulation in Table 310.13 for an explanation of 
when to use the two columns. Because this is considered at times to be a wet location, the 75°C col- 
umn is used. The size 4 AWG aluminum wire is rated at 100 amperes. 


W hen there are more than three current-carrying conductors in a raceway, cable, or trench in earth, the 
allowable ampacities in Table 310.16 require an adjustment. NEC® 310.15(B)(2) gives the adjustment fac- 
tors depending upon the number of current-carrying conductors. NEC ® 310.15(B)(4) explains when the neu- 
tral is required to be counted as a current-carrying conductor. This subject will be discussed in detail in the 
next unit. NEC® 310.60 provides directions for determination of ampacity of conductors operating at 2001 
to 35,000 volts. 

Article 320 covers Type AC Armored Cable. Type AC Cable generally consists of two or three insulat- 
ed conductors and an equipment grounding conductor within a flexible metallic covering. The uses not per- 
mitted are covered in 320.12. The cable shall be supported within 12 in. (300 mm) of the end of each run and 
at intervals not to exceed 41/2 ft (1.4 m) as illustrated in Figure 1.22. The cable is subject to damage similar 
to other cables, therefore, 320.15 requires that exposed runs of TypeAC Cable closely follow the surface of 
the building, or that running boards be provided. In the case of an accessible ceiling space, Type AC Cableis 
permitted to be secured by support wires that are provided for the sole support of electrical wiring. As for 
exposed work, the cable in an accessible ceiling is required to be supported within 12 in. (300 mm) of each 
termination, and at intervals not to exceed 41/2 ft (1.4 m). TypeAC Cableis permitted to be run through bored 
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or punched holes in wood or metal framing members as well as notches in wood members. For other than 
vertical runs through framing members, the maximum support distance is 41/2 ft (1.4 m). The cable is not 
required to be secured to the framing members. The maximum distance from a termination to a secure means 
of support is not permitted to exceed 12 in. (300 mm). 

Article 324 provides specifications for the materials and installation for flat conductor cable, Type 
FCC, to be placed under carpet squares. This is a technique for extending power to work stations in a large 
open room. Definitions are given in 324.2. Uses permitted and not permitted are covered in 324.10 and 
324.12. The maximum voltage permitted for flat conductor cable is 300 volts between ungrounded conduc- 
tors and a maximum of 150 volts from any ungrounded conductor to the grounded conductor. General use 
circuits are not permitted to be rated in excess of 20 amperes. These voltage and current requirements are 
stated in 324.10(B). Flat Conductor Cable is permitted to be installed only under carpet squares defined in 
324.41 as having a maximum dimension of 36 in. (914 mm) on each side. 

Article 328 provides basic specifications and uses permitted for medium-voltage cable, Type M V, that 
is intended for use where energized at from 2001 to 35,000 volts. Type MV Cable is available as a 
single-conductor cable or as a multiconductor cable. The cable is permitted to be installed in raceway, cable 
trays, direct burial according to 328.10(4), 300.50, and 310.7, and supported by a messenger in air as 
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WOOD OR 
6 FT MAXIMUM METAL 
(1.8 M) 
TYPE MC CABLE 
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Figure 1.22 TypeAC Armored Cable is required to be supported at intervals not exceeding 47/2 ft (1.4 m), and 
Type MC Metal-Clad C able is required to be supported at intervals not exceeding 6 ft (1.8 m). 
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specified in Article 396. When installed in tunnels, the rules for installation are found in Article 110, 
Part IV. General installation requirements and clearances from live parts and equipment are given in Part III 
of Article 110. The method of determining the ampacity of the conductors rated 2001 to 35,000 volts is 
specified in 310.60(B). Itis permitted to use Table 310.67 through Table 310.86, or the formulain 310.60(D) 
under engineering supervision. Annex B gives examples of the use of the formula under engineering 
supervision. 

Article 330 provides information on the uses permitted, installation, and construction of metal-clad 
Type MC Cable. The conductors are contained within a Flexible M etallic Sheath. It is permitted to be used 
for services, feeders, and branch-circuits. Type MC Cable is available with conductors operating at not 
more than 600 volts and also with conductors operating at more than 600 volts. NEC ® 330.30 requires that 
Type MC Cable be supported at intervals not to exceed 6 ft (1.8 m). If the conductors are size 10 AWG and 
smaller and there are four or fewer conductors, Type MC Cable is required to be supported within 12 in. 
(300 mm) of terminations. This is illustrated in Figure 1.22. If there are five or more conductors in the 
cable, or if conductors are size 8 AWG and larger, the distance from the termination to the first support is 
permitted to be up to 6 ft (1.8 m). Type MC Cable is permitted to be run through bored or punched holes 
in wood or metal framing members, as well as notches in wood members. For other than vertical runs 
through framing members, the maximum support distance is 6 ft (1.8 m). The cable is not required to be 
secured to the framing members, and the distance from a termination to the first framing member is 
permitted to be up to 6 ft (1.8 m). It is also permitted to be used as a luminaire (lighting fixture) or equip- 
ment whip in lengths up to 6 ft (1.8 m) within accessible ceiling spaces. In this case, the Type MC Cable 
is secured only at the box and at the luminaire (lighting fixture) or equipment supplied and again within 
6ft (1.8 m) of the termination. 

Article 332 covers the construction and installation of Type M| M ineral-Insulated, M etal-Sheathed 
Cable. Type M| Cable has the insulated conductors contained within a liquidtight and gastight continuous 
sheath with a densely packed mineral insulation filling the space between the conductors and the copper or 
alloy steel sheath. The cable can be cut to length with special fittings applied at the terminations. Type M| 
Cable has a wide variety of applications, and it is permitted to be fished into existing building spaces. 

In the case of Type MI Cable, the termination fittings have a maximum temperature rating, generally 
90°C. The cable itself is capable of operating at a much higher temperature. Rules for determining the allow- 
able ampacity of Type MI M ineral-Insulated, M etal-Sheathed C able are found in 332.80. Temperature adjust- 
ment of the cable itself is generally not considered a problem unless heat is conducted to the terminal fittings 
such that their maximum temperature rating would be exceeded. NEC ® 332.80 permits Single-Conductor M | 
Cable assembled into a bundle to have the allowable ampacity to be determined from Table 310.17, even 
though that table is for single-conductors in free air. This is permitted as long as the cable is installed so that 
the maximum terminal fitting temperature is not exceeded. Portions of the cable itself, not terminations, may 
be permitted to bein an environment where the cable can operate up to 250°C according to Table 310.13(A). 

Article 334 deals with Nonmetallic-Sheathed Cable, usually Type NM. NEC® 334.112 specifies that 
the conductors within the nonmetallic sheath shall have insulation rated at 90°C. These cables are marked 
Type NM-B. NEC® 334.80 requires the allowable ampacity of a cable to be determined using the 60°C col- 
umn of Table 310.16. Uses not permitted are given in 334.12, and locations where Type NM -B cable is per- 
mitted to be installed are not directly stated. It is necessary to understand the basic types of construction in 
order to determine where N onmetallic-Sheathed Cable is permitted to be installed. It is not permitted to be 
installed in buildings that are of Type! or Type II construction. Type! and Type ll structures are required to 
be of noncombustible construction materials. Type II1 construction is a combination of combustible and 
noncombustible materials, Type |V is permitted to have heavy timber construction, and Type V is permitted 
to be wood frame construction. 

Nonmetallic-Sheathed Cable is permitted to be used as a wiring method for one-family, two-family, 
and multifamily dwellings that are permitted to be of Type III, |V, or V construction. Type NM-B cable is 
permitted to be used as a wiring method concealed in walls, floors, and ceilings with a 15-minute fire rating 
for nondwelling buildings that are of Type III, 1V, or V construction. It is not permitted to be installed as an 
exposed wiring method above suspended or dropped ceilings except for one-family, two-family, or multi- 
family dwellings of Type III, IV, or V construction. In 334.30(B)(2) luminaires (lighting fixtures) and equip- 
ment installed in suspended ceilings of one-family, two-family, and multifamily dwellings are permitted to 
be supplied using Type NM-B cable provided the distance from the last point of support to the luminaire 
(fixture) or equipment does not exceed 41/2 ft (1.4m). 

Itis important to protect N onmetallic-Sheathed Cable from damage. One form of damage is bending 
the cable in asmall radius. The minimum radius of bend is five times the diameter of the cable, as stated in 
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Figure 1.23 Small sizes of Type NM-B Cable are required to be attached to running boards or run through 
bored holes in joists. 


334.24. NEC® 334.30 requires Type NM-B Cable to be secured in place at intervals not exceeding 41/2 ft 
(1.4 m) and within 12 in. (300 mm) of terminations. According to 314.17(C) Exception, the case of a non- 
metallic single-gang box, where the cable is not secured directly to the box, the N onmetallic-Sheathed Cable 
is required to be secured at a distance from the box of not more than 8 in. (200 mm) measured along the 
cable. Cables run through holes in metal or wood framing members are considered to meet the requirement 
of being supported and secured. N onmetallic-Sheathed Cable is permitted to be attached to the underside of 
joists in basements for 2-wire size 6 AWG, or 3-wire size 8 AWG. Cables are permitted to be installed directly 
to the surface of joists and rafters in attics and crawl spaces, but protection is required near access openings 
as specified in 334.23, and shown in Figure 1.23. NEC ® 334.30(B)(2) permits N onmetallic-Sheathed Cable 
to be run unsupported except at the terminations in lengths up to 41/2 ft (1.4 m) to supply power to a lumi- 
naire (fixture) or equipment in an accessible ceiling. 

Article 336 covers the installation of Type TC Power and Control Tray Cable. The uses not permitted are 
the main emphasis of this article. The ampacity of Type TC Cable is specified in 336.80. If the cable is small- 
er than size 14 AWG, the ampacity is determined using Table 402.5 for fixture wire. Determination of con- 
ductor allowable ampacity when installed in cable trays will be discussed in Unit 12. Type TC Cable is avail- 
able as a multiconductor cable and as single-conductor cable. M ost single-conductor cables size 1/0 AWG and 
larger have aTypeTC rating in addition to the normal conductor insulation rating. 

Article 338 covers the use of Type SE Service-Entrance Cable and Type USE Underground Service- 
Entrance Cable. Type SE Cable is permitted for use as circuits and feeders within a building. The common 
types of Service-Entrance Cable in use are Type SE style U with two insulated conductors and a bare con- 
ductor within the nonmetallic covering, and Type SE style R, which has three insulated conductors and a 
bare equipment grounding conductor within the nonmetallic outer covering. These cable types are shown in 
Figure 1.24. According to 338.10(B)(4)(a), Type SE Cable when used for interior wiring is installed accord- 
ing to the same rules as for Type NM Cable. 


BARE BLACK 
WIRES BLACK INSULATED INSULATED 


RED INSULATED 
INSULATED INSULATED 


BARE WIRES 
BARE 
BLACK AND (@)\_ BLACK AND RED 
RED INSULATED WHITE (@¥7 INSULATED 
INSULATED 
STYLE U (BEFORE THE MAIN) STYLE R (AFTER THE MAIN) 


Figure 1.24 Type SE Service-E ntrance C able is available as style U or styleR. 
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Article 340 covers Type UF Underground Feeder and Branch-Circuit Cable for use underground and 
within buildings. The installation of this cable within buildings is required to follow the requirements of 
Type NM-B Nonmetallic-Sheathed Cable in Article 334 according to 340.10(4). It is important to note that 
there will be two grades of this cable in use. When Type UF Cable is installed within a building, the indi- 
vidual insulated wires in the cable are required to have a 90°C insulation temperature rating. This require- 
ment on the 90°C rated insulation is stated in 340.112 where the conductor requirements for Type UF Cable 
are to be the same as for Type NM-B Cable. Cables are available with wires that have an insulation tem- 
perature rating of only 60°C. Both are permitted to be installed underground. 

Article 382 deals with nonmetallic extensions, typically a Nonmetallic-Sheathed Cable installed on 
the surface of walls or ceilings. It is permitted to be attached as a nonmetallic extension to the exposed sur- 
face of walls and ceilings to extend power from an existing outlet of a 15- or 20-ampere circuit. This tech- 
nique provides a means of extending wiring without having to enter the wall or ceiling cavity. This type of 
material is permitted to be messenger supported as an aerial cable for industrial buildings where the nature 
of the application requires a flexible means of connecting power to equipment. 

Nonmetallic extensions are permitted to be applied to the surface of a wall or ceiling and concealed by 
covering with paint, wall paper, or other effective means. A listed cable is manufactured for this purpose with 
conductors that are a flat foil, with the ungrounded conductor sandwiched between the flat neutral conductor 
and enclosed within a flat equipment grounding conductor. The overall covering is nonmetallic. Listed devices 
are designed for terminating the flat cable assembly. This technique is only permitted on 15- and 20-ampere, 
125 volt branch circuits in dwellings and office spaces, and not above the third floor unless listed for such loca- 
tions. These concealable nonmetallic extensions originate at an existing outlet box and are applied to the sur- 
face of walls and ceilings. At the point where the concealable nonmetallic extension originates, overcurrent 
protection, arc-fault protection, ground-fault protection, and miswiring protection are required. 

Article 394 covers a type of wiring called Concealed K nob-and-Tube Wiring. This type of wiring was 
used in buildings in the early years of wiring. Single-insulated conductors were held in place with insula- 
tors called knobs and cleats. The conductor then passed through a structural member and ran inside a porce- 
lain tube. This type is encountered in existing older buildings. 

Article 590 provides rules for the installation of wiring for temporary electrical power or lighting. This 
temporary power may be used for construction, remodeling, and similar activities. It may also be used to 
supply decorative lighting not generally intended for use for more than 90 days. NEC® 590.4(A) requires a 
service meeting the requirements of Article 230 to supply a temporary wiring system. For a temporary elec- 
trical system at a construction site, 590.4(D) does not permit receptacles to be installed on the same circuit 
with temporary lighting. In the case of a multiwire branch-circuit, all ungrounded conductors are required 
to be simultaneously disconnected according to 590.4(E). This means single-pole overcurrent devices as dis- 
connects are not permitted for multiwire branch-circuits unless handle ties identified for the purpose are 
used. NEC® 590.6(A) requires ground-fault circuit-interrupter (GFCI) protection for all receptacles on 15-, 
20-, or 30-ampere rated 125-volt circuits that are not part of the permanent wiring system. GFCI protection 
is also required for receptacles on circuits of the permanent wiring system that are used for temporary elec- 
trical power. This same section also permits listed GFCI cord sets to suffice as the required protection where 
permanent building circuits without such protection are used for construction purposes. 

Table 8, in Chapter 9, is useful in that it provides a comparison of conductor sizes in AWG or kcmil and 
the equivalent area in square millimeters. The table also gives the cross-sectional area of the conductors using 
square in. This information is necessary when determining the minimum size of raceway when one or more of 
the conductors are bare. The table also gives the approximate resistance of copper and aluminum conductors. 
This information is useful especially when determining the voltage drop caused by conductors. Voltage drop will 
be covered later in the text. Resistance is affected by the temperature of the conductor. The temperature of a con- 
ductor will rise when current is flowing. Table 8 resistances are based upon an operating temperature of 75°C. 
A formula is provided in the footnote to the table to adjust the resistance for another operating temperature. 

Table 9 in Chapter 9 provides information about the inductive reactance of conductors when supplying 
loads where the power factor is less than one. This information is used to determine the approximate voltage 
drop on conductors. W hen conductors are larger than size 1/0 AWG supplying ac loads with a power factor less 
than one, the inductive reactance of the conductor begins to havea significant effect on the voltage drop in addi- 
tion to the resistance of the conductor. Even the type of raceway has an effect on the inductive reactance. The 
effect is greater in Rigid Steel Conduit as compared to Rigid Nonmetallic Conduit. A copper feeder conductor 
supplying an ac load with a power factor of 0.85 using size 500 kcmil conductors run in Rigid Steel Conduit 
will have as much voltage drop due to inductive reactance as due to resistance of the conductor. In this case, 
using the values from Table 8 would give an inaccurate approximation of voltage drop. Generally, Table 8 
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resistances are adequate for calculations of voltage drop for conductor sizes up to 1/0 AWG. It is recommended 
that impedance values from Table 9 be used for voltage drop calculations for larger conductor sizes. There is 
a formula in the footnote of Table 9 that can be used to determine the approximate impedance of conductors 
when supplying loads with a power factor other than 0.85. Some experience with using trigonometry is 
needed to apply that formula. 


SIZING CONDUCTORS FOR A CIRCUIT 


The size of conductors for a branch-circuit or a feeder depends upon the load to be served and the rat- 
ing of overcurrent device chosen for the circuit. The rule for determining the minimum size overcurrent 
device permitted for a branch-circuit is found in 210.20(A). In the case of a feeder the minimum overcurrent 
device rating is determined according to 215.3. In either case, the rule is the same. The overcurrent device 
shall have a rating not less than the noncontinuous load plus 1.25 times the continuous load. NEC ® 240.6(A) 
lists the standard ratings of overcurrent devices. Choose an overcurrent device rating that is larger than the 
calculation of 210.20(A) or 215.3. The following example will illustrate the point: 


Example 1.12 A feeder supplies 92 amperes of continuous load and 70 amperes of noncontinuous 
load. Determine the minimum rating of overcurrent device permitted for this feeder. T he feeder con- 
sists of three Type THHN copper current-carrying conductors in raceway. 


Answer: This isa feeder, so use the rule of 215.3. Multiply the 92 amperes of continuous load by 
1.25 and add to the noncontinuous load of 70 amperes to get 185 amperes. 


92A X1.25=115A 
70A X1.00= 70A 
185A 


The overcurrent device is required to have a rating not less than 185 amperes. From 240.6(A), the next 
higher standard rating is 200 amperes. 


The next step is to determine the minimum size conductor for the feeder. NEC °240.4 requires the con- 
ductor be protected in accordance with the conductor ampacity as given in 310.15. NEC ® 215.2(A) specifies 
that for a feeder the minimum conductor size is not permitted to be smaller than the noncontinuous load plus 
1.25 times the continuous load. This minimum size is determined without any consideration of adjustment 
or correction factors. Because the wiring method is conductors in raceway, Table 310.16 will be used to 
determine conductor ampacity. The conductor insulation is 90°C rated, but it is necessary in this case to use 
the 75°C column of Table 310.16. The reason is that conductor termination temperature has not been spec- 
ified for the circuit, in which case it is necessary to proceed according to the rules in 110.14(C)(1)(b). If the 
overcurrent device rating is greater than 100 amperes or the conductor is larger than size 1 AWG, the ter- 
minations are rated 75°C unless otherwise specified. The minimum size copper THHN conductor permitted 
for this feeder with a 200-ampere overcurrent device is 3/0 AWG. If this had been a branch-circuit rather 
than a feeder, the method of determining the minimum conductor size would have been the same, except the 
rule for branch-circuits is found in 210.19(A). 

Table 310.16 gives the allowable ampacity of conductors when the conductors are run in raceway, in 
cable, or directly buried in the earth. If circuit conductors operate continuously carrying the listed allowable 
ampacity, the conductor insulation temperature rating given at the top of the column will not be exceeded. 
This holds true only if the temperature around the conductors does not exceed 86°F (30°C), and there are 
not more than three current-carrying conductors in the cable, raceway, or trench. If these limitations are 
exceeded, the values shown in Table 310.16 must be adjusted. There are temperature correction factors at 
the bottom of Table 310.16. The following example will illustrate how the temperature correction factors are 
applied. 


Example 1.13 A raceway containing copper conductors runs through an area of a building where 
the temperature is likely to reach 120°F (49°C) as shown in Figure 1.25. Determine the allowable 
ampacity of a size 3 AWG copper conductor with THWN insulation run through this area. 


Answer: Look up the allowable ampacity of asize 3 AWG copper conductor in the 75°C column of 
Table 310.16 and find 100 amperes. Now continue down that same column into the temperature cor- 
rection section of the table. Fahrenheit temperatures are on the right-hand side, so continue down to 
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Figure1.25 A raceway containing three size 3 AWG copper THWN conductors runs through a room with a typ- 
ical temperature of 120°F. 


the row that includes 120°F. Find the correction factor 0.75. Now multiply the 100 amperes by 0.75 
to get 75 amperes, which is the allowable ampacity of a size 3 AWG copper THWN conductor under 
these conditions. 


If there are more than three current-carrying conductors in the cable, raceway, or trench in earth, then 
the allowable ampacity given in Table 310.16 must be adjusted. Each conductor produces some heat, there- 
fore, the maximum insulation temperature is likely to be exceeded if the ampacity in the table is used with- 
out adjustment. NEC ® 310.15(B)(2)(a) gives the rules for applying adjustment factors when there are more 
than three current-carrying conductors in a raceway or cable. This subject will be discussed in more detail 
in the next unit. The following example will illustrate how the adjustment factors are applied. 


Example1.14_ A raceway contains nine size 8AWG copper current-carrying conductors with THHN 
insulation, illustrated in Figure 1.26. Determine the allowable ampacity of these conductors in this 
raceway. 


Answer: Look up the allowable ampacity of a size 8 AWG copper conductor in the 90°C column of 
Table 310.16 and find 55 amperes. Look up the adjustment factor for nine current-carrying conductors in 
raceway from Table 310.15(B)(2)(a) and find 0.7. Now multiply 55 amperes by 0.7 to get 38.5 amperes, 
which is the allowable ampacity of a size 8AWG copper THHN conductor under these conditions. 


On occasion, a raceway or cable containing more than three current-carrying conductors runs through 
an area with a high ambient (surrounding) temperature. In this case, both a temperature correction factor and 
an adjustment factor for more than three current-carrying conductors must be applied to the allowable 
ampacity found in the table. The next example will illustrate the point. 


Example 1.15 A raceway containing six size 10 AWG copper current-carrying conductors with 
THHN insulation passes through an area of a building where the temperature is expected to be 110°F 
for long periods of time. Determine the allowable ampacity of these conductors under these 
conditions. 


SIZE 8 AWG 
COPPER THHN > 
CURRENT-CARRYING 
CONDUCTORS 


Figure 1.26 A raceway contains nine size 8 AWG copper THHN current-carrying conductors. 
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Answer: Look up the allowable ampacity of a size 10 AWG copper Type THHN conductor in the 
90°C column of Table 310.16 and find 40 amperes. Next, continue down the ampacity column to the 
temperature correction section of the table and find the correction factor for 110°F which is 0.87. Now 
look up the adjustment factor for six current-carrying conductors in Table 310.15(B)(2)(a) and find 
0.8. Multiply 40 amperes from Table 310.16 by 0.87 and 0.8 to get 27.8 amperes, which is the allow- 
able ampacity of asize 10 AWG copper THHN conductor under these conditions. 


Determining the allowable ampacity of a conductor is as simple as looking up the value in the appropri- 
ate table and applying adjustment or correction factors if necessary. Determining the minimum size conductor 
for a specific load and circuit involves the application of 240.4. The conductor usually is required to be pro- 
tected by a fuse or circuit breaker with a rating not higher than the allowable ampacity of the conductor. This 
subject will be discussed in more detail in the next unit when correction and adjustment factors are involved. 


Example 1.16 A circuit supplies a continuous load of 38 amperes and is protected by a 50-ampere 
circuit breaker. All conductor terminations in the circuit are rated at 75°C. If the circuit conductors are 
THWN copper, determine the minimum size permitted for the circuit. 


Answer: Look up aconductor in this case in the 75°C column of Table 310.16 which has an allow- 
able ampacity of not less than 50 amperes, which would be size 8 AWG. 


The allowable ampacity of the conductor and the rating of the overcurrent device do not always match 
up exactly like the previous example. Consider a circuit supplying a continuous load of 50 amperes, which 
is required to be protected with an overcurrent device rated not less than 70 amperes. With the terminations 
rated at 75°C and copper THWN conductors, the allowable ampacity is found in the 75°C column of Table 
310.16. According to 210.19(A), the minimum size conductor permitted for this circuit must have an allow- 
able ampacity not less than 1.25 times the continuous load, which is 62.5 amperes (1.25 x 50A =62.5A). 
The choices are size 6 AWG at 65 amperes and size 4 AWG at 85 amperes. One is a little too small for the 
overcurrent device, and the other is much too large. The size 6 AWG is permitted to be used in this case 
according to 240.4(B). If the overcurrent device protecting the circuit is rated not over 800 amperes, it is per- 
mitted to choose a conductor adequate to supply the load (62.5 amperes) and protect that conductor with the 
next higher standard rating of overcurrent device. The standard ratings of overcurrent devices are listed in 
240.6(A). The allowable ampacity of the size 6 AWG copper THWN conductor does not match a standard 
rating of overcurrent device. It is then permitted to round up to the next standard rating, which in this case 
is 70 amperes. If this is a branch-circuit that supplies multiple receptacles for cord- and plug-connected 
loads, then the allowable ampacity of the conductor must be equal to or higher than the rating of the over- 
current device. 


Example 1.17 A feeder conductor in a building supplies a 140-ampere load with aluminum Type 
THWN conductors in raceway. The feeder overcurrent device is only required to be rated 150 
amperes. In this case, the installer decided to protect the feeder at 200 amperes. Determine the mini- 
mum size conductors permitted for the feeder. 


Answer: Table 310.16 is used because the wiring method is conductors in raceway. There is no men- 
tion of termination temperature, so the rule in 110.14(C)(1)(b) will apply. The terminations will be 
75°C rated because the overcurrent device is larger than 100 amperes. From the 75°C aluminum col- 
umn of Table 310.16, find size 4/0 AWG rated 180 amperes and size 250 kcmil rated 205 amperes. 
Neither conductor corresponds to a standard rating of overcurrent device listed in 240.6(A). The size 
4/0 AWG copper conductor has an allowable ampacity greater than the load, and the next higher rated 
overcurrent device is 200 amperes. 


There is a rule in 240.4(D) that restricts the size of conductor for some circuits. In the past, this rule 
was a footnote to some of the allowable ampacity tables. This rule sets the maximum rating of overcurrent 
device for a size 14 copper conductor at 15 amperes. For a size 12 copper conductor, the maximum over- 
current device rating is 20 amperes. And for size 10 copper, the maximum is 30 amperes. There are some 
exceptions to this rule, which will be discussed later in the text. The following example will illustrate the 
application of this rule: 
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Example 1.18 A circuit supplies 15 amperes of lighting load. The circuit is required by 210.20(A) 
to be protected by a 20-ampere rated circuit breaker. Determine the minimum size copper THHN con- 
ductors permitted for this circuit if there are only two current-carrying conductors in raceway. 


Answer: The termination temperature is not specified, therefore, the rule of 110.14(C)(1)(a) will 
apply. The terminations will be assumed to be rated 60°C. The allowable ampacity will be found in the 
60°C column of Table 310.16. This is a continuous load, therefore, the minimum conductor size, accord- 
ing to 210.19(A), is required to be not less than 1.25 times the load, which is 18.8 amperes (15A x 1.25 
=18.8A). According to Table 310.16, asize 14 AWG copper conductor is rated 20 amperes. The rule in 
240.4(D) only permits a 15-ampere overcurrent device on a size 14 AWG copper conductor. In this case, 
a size 12 AWG copper conductor is the minimum permitted because the overcurrent device is rated 
20 amperes. 


USING THE CODE TO ANSWER QUESTIONS 


The numerous people who write the Code attempt the difficult task of choosing words that prohibit 
unsafe installations while not excluding any of the numerous acceptable installation methods. They try to 
achieve this task with words that we can understand. The Code is constantly changing, however, because of 
the introduction of new materials and techniques and because unacceptable confusion and loopholes are dis- 
covered. 

One point that has led to confusion and misunderstanding in the field is the phrase approved for the 
purpose. Approved is defined in the Code as meaning approved by the authority having jurisdiction (the 
inspector). In many cases, it simply means that a judgment call must be made based on the inspector’s 
knowledge and background and local conditions. The Code has made an attempt to place more responsibil - 
ity on the manufacturer to indicate the suitability of various products for a specific purpose. The Code now 
uses the phrase listed for the purpose rather than approved for the purpose. T he following points will help 
in understanding the meaning of the Code. 


1. Read each section carefully, and think about what the section is saying. Try not to let personal bias 
obscure the true meaning of the section. 


2. Keep the purpose of the Code in mind as you read the Code, 90.1. All sections of the Code are directed 
to this purpose. 


3. Look for the word “shall” and how it is used in the section. For example, “shall not be permitted” is 
a prohibitive statement. “Shall be permitted” is a permissive statement. A nother similar type of state- 
ment is “shall not be less than,” which fixes a lower limit. 


4, Fine print notes (FPNs) are scattered throughout the Code to either act as an advisory or clarify the 
previous Code material. These FPNs are not considered a legally binding part of the Code. 


5. Besure to read the scope at the beginning of each article. The specific sections apply only under the 
conditions specified in the scope. 


6. Definitions are frequently provided in an article to add important clarity. Read these definitions, as 
they are often necessary to the understanding of a particular section. M ost definitions are grouped in 
Article 100 if they are used in two or more articles. If used only in a specific article, the definitions 
will be given only in that article. If a definition is not given in the Code, then it is permitted to use the 
definition from a dictionary. 


7. Do not confuse wiring specifications with Code requirements. J ust because in your experience you 
have seen only one particular wiring method for an application, do not automatically assume this is a 
Code requirement. It is the option of the owner, architect, or another code to specify a particular 
method or material providing it is not in conflict with the Code. 


8. Footnotes to the tables are considered part of the table and are a binding part of the Code. 


9. Local jurisdictions have the right to adopt amendments to the Code. Sometimes the electric utility will 
have a requirement not covered in the Code. The utility standards apply to the installation of service 
equipment. 
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Figure1.27 TypeAC Armored Cable is run as exposed wiring on the under side of room trusses supported only 
by attachment to each truss. 


10. Itis important to remember the limitations placed on manufacturers’ materials and equipment by the 
testing process and the physical behavior of materials and equipment in a particular environment. For 
example, Type THHN wire ampacity cannot be based on 90°C if the wire is connected to a circuit- 
breaker with a maximum temperature rating of 75°C. Some organizations providing testing services 
are Underwriters Laboratories (UL), Electrical Testing Laboratories (ETL), and Canadian Standards 
Association (CSA). 


The following example question will help illustrate the technique of finding information in the Code. 
Look for key terms that state the subject of the question, then look them up in the Code index. A fter using 
the Code for a period of time, you will remember many of the article numbers. 


Example 1.19 TypeAC Armored Cable is to be installed as open exposed wiring to supply lumi- 
naires (lighting fixtures) in a building of truss construction with an open ceiling. The trusses are spaced 
2 ft (600 mm) on centers with a luminaire (lighting fixture) attached to the bottom of every fourth 
truss. Is it permitted to run the Type AC Cable perpendicular to the trusses without any means of sup- 
port between trusses as shown in Figure 1.27, or is it required to be attached to running boards? 


Answer: Thesubject of this question is Type AC Armored Cable, open exposed wiring, and supports. 
If you know the article number, then it probably would be most efficient to go directly to that article. 
Otherwise, look up Armored Cable, TypeAC, in the index. Look down the list of subtopics and exposed 
work isin 320.15, and supports are covered in 320.30. TypeAC Cable is nota separate listing, although 
under cable, there is a listing for Armored Cable, TypeAC. According to 320.15, Armored Cable is per- 
mitted to be on the underside of each truss (joist) provided the support spacing is not exceeded and the 
cable is supported at each truss. In 320.30, Armored Cable run in the manner described, is required to be 
supported within 12 in. (300 mm) of each box, and at intervals not to exceed 41/2 ft (1.4 m). If these 
requirements are also met, the Type AC Armored Cable is permitted to be run as shown in Figure 1.27. 


STUDENT CODE PRACTICE 


Answer the following wiring questions and give the Code reference where the answer is found. The 
answer will be found in the Code articles listed in the objectives at the beginning of this unit. Pick out the 
key words that describe the subject of each question and look them up in the Code index. W hen you are fin- 
ished, check your skill by comparing with the key words and answers at the end. 


1. A conductor with black insulation is permitted to be re-identified as a grounded conductor at the time 
of installation with a distinctive white marking that completely encircles the conductor at the conduc- 
tor terminations for: 


A. any size conductor. D. sizes smaller than 6 AWG. 

B. sizes 6AWG and larger. E. sizes larger than 6 AWG. 

C. sizes 8AWG and larger. 

Keywords. Codereference. 
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Figure 1.28 Type NM-B Nonmetallic-Sheathed C able with three conductors and an equipment ground is run 
attached to the bottom of floor joists in an unfinished basement. 


2. The maximum branch-circuit voltage permitted between conductors supplying luminaires (lighting 
fixtures) in a dwelling unit is: 


A. 120 volts. D. 277 volts. 
B. 208 volts. E. 480 volts. 
C. 240 volts. 

Key words Code reference 


3. The largest solid conductor generally permitted to be installed in raceway is size: 


A. 12AWG. D. 6AWG. 
B. 1OAWG. E. 4AWG. 
C. 8AWG. 

Key words Code reference 


4. The minimum size copper conductor permitted for a 120-volt general illumination branch-circuit in a 
dwelling is: 
A. not specified in the Code, but depends upon the load to be served. 
B. 18AWG. 
C. 16AWG. 
D. 14AWG. 
E. 12AWG. 
K 


eywordS. Codereference. 
5. A 3-conductor Nonmetallic-Sheathed Cable with ground run exposed at an angle to the joists of an 
unfinished basement and fastened to the lower edge of the joists, as shown in Figure 1.28, is permit- 

ted for sizes not smaller than: 


A. 14AWG. D. 8AWG. 
B. 12AWG. E. 6AWG. 
C. 10AWG. 

Key words Code reference 


Answers to C ode Practice: The first question is about grounded conductor identification. Look up grounded 
conductors, then identification. This can lead to the answer. Now look up conductors, grounded, then iden- 
tification. This one leads to 200.6, which gives the answer. Other ways to find the answer in the index are 
by looking under identification, grounded conductors, or conductor identification. The answer to the first 
question is E and the Code reference is 200.6(B). 
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The second question is about maximum branch-circuit voltages for dwellings. Start by looking up 
voltage, maximum. There is no reference for this subject, but there is a listing for branch-circuit limits, under 
voltage, which does lead to the answer. Another approach is to look up branch-circuits, voltage. This lists 
voltage limitations which leads to the answer A and the Code reference is 210.6(A). 

The third question is about the largest solid conductor in raceway. If a conductor is not solid, it is stranded. 
One approach is to look up conductors, raceway, solid or stranded. There is an entry for stranded, which leads 
to the answer. Another approach is to look under raceway, conductors, solid or stranded, but this leads to a 
dead end. The answer is B and the Code reference is 310.3. 

Question four is about minimum size branch-circuit conductors in dwellings. Start by looking up con- 
ductors, minimum size, or conductors, branch-circuits, minimum size. The first reference leads to a refer- 
ence that gives the answer. Another approach is to look under branch-circuits, conductors, minimum size. 
This gives a reference, but it is not the correct subject, so it is another dead end. The answer is D and the 
Code reference is 310.5 and Table 310.5. 

Question five is about Nonmetallic-Sheathed Cable exposed in unfinished basements. Look under 
Nonmetallic-Sheathed Cable, exposed, basements. The reference is Nonmetallic-Sheathed Cable, exposed 
work, which leads to the answer. A nother approach is to look up basements, N onmetallic-Sheathed Cable, 
which will also lead to the answer. The answer is D and the Code reference is 334.15(C). 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. Any article covered in this unit, for which significant changes 
occurred, are included in the following discussion. 


Article 100 Definitions 


Branch-circuit overcurrent device is a new definition for fuses, circuit breakers, and other devices pro- 
viding the same function to limit excessive current. The definition states that the range of overcurrent 
is from the rating of the device up to the maximum interrupting rating of the device. A device that 
opens the circuit at a level less than the device rating is not considered to be providing the function of 
a branch-circuit overcurrent device. The definition also states that the minimum permitted interrupt- 
ing rating is 5000 amperes. 

Clothes closet is now defined as a non-habitable room primarily for the storage of garments. This definition 
is important when providing outlets and lighting for walk-in closets in dwellings. Service equipment, 
for example, is not permitted to be installed in a clothes closet. 

Electrical power production and distribution network refers generally to the utility portion of a connec- 
tion to a premises power production system. There were references to such a network in the rules for 
photovoltaic systems, fuel cell system, and interconnected power production systems. 

Ground was redefined to mean the earth. There is no longer a reference to some other conductive body in 
place of the earth. Ground in the Code simply means the earth. 

E quipment grounding conductor was redefined to make the function clear. Two new fine print notes were 
added to make it clear that an equipment grounding conductor also performs the function of bonding, 
and that acceptable equipment grounding conductors are described in 250.118. 

Intersystem bonding termination is defined as a device that provides a means of connection of communi- 
cations equipment bonding conductors. 

Kitchen is now defined, and in previous editions of the Code it was necessary to imply the definition from 
the definition of dwelling. To be a kitchen, there must be a sink, and permanent provisions for food 
preparation and cooling. A small refrigerator, sink, and portable microwave on a counter are not con- 
sidered permanent. 

Neutral conductor is a term used in the Code, but until now was never defined. It is defined as a conduc- 
tor that is intended to carry current and is connected to the neutral point of the electrical system. 
Neutral point of an electrical system is now defined. Itis essentially defined as a conductor that is common 

to two or more ungrounded conductors of the same system. It can be the common point of a 3-phase 
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ARTICLE 100 
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120/240 VOLT —- 208/120 VOLT, 480/277 VOLT 240/120 VOLT 
3-WIRE OR 600/347 VOLT 
NEUTRAL 
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Figure 1.29 The neutral point of an electrical system is defined as the center point of a single-phase, 3-wire 
system; the common point of a 3-phase, 4-wire wye system; or the center point of one phase of a 3-phase, 4-wire 
delta system. The neutral is defined as the conductor that connects to the neutral point. 


wye system, midpoint of a single-phase, 3-wire system, or the midpoint of the single-phase portion of 
a 3-phase, 4-wire delta electrical system as illustrated in Figure 1.29. It can also be the midpoint of a 
3-wire direct current system. No reference is made to the neutral point being grounded in the defini- 
tion; however, the systems described are required to be grounded. According to the definition, if a 
source has a single ungrounded wire and one grounded wire, the grounded wire is not considered to 
be aneutral. The definition also does not seem to include multi-wire 2-phase electrical systems as ref- 
erenced in 220.61(A) Exception. When an electrical supply is required to be grounded is provided in 
250.20, and which conductor is required to be grounded is stated in 250.26. 

Short circuit current rating is the expected fault current at nominal voltage that a device or equipment will 
sustain without suffering excessive damage. 

Surge protective device (SPD) is defined as having the purpose of limiting transient voltages by diverting 
surge current. Four types are described with Type 1 suitable for connection on the line side of the serv- 
ice disconnecting means and Type 4 as being suitable only for installation within utilization equip- 
ment. This new definition is particularly useful when applying the rules of Article 285. 

Ungrounded may seem obvious, but it is a new definition that makes it clear that the system or equipment 
is not connected to earth or to something conductive that is connected to earth. 

Utility-interactive inverter is a device that is connected in parallel with a utility supply system to supply 
power to common loads. Those loads may be on the property, or they may be away from the proper- 
ty. This definition is important when applying Article 690, Article 692, and Article 705 with respect 
to on-site power production systems. 


Article 110 Requirements for Electrical Installations 


110.20: A new Table 110.20 was added that specifies enclosure types for switchboards, panelboards, industri- 
al control panels, motor control center, meter sockets, and motor controllers. This was Table 430.91 that 
only applied to motor control enclosures in the past and now applies to a wide range of electrical equip- 
ment enclosures. M anufacturers will be required to mark equipment with the enclosure type. There is a 
footnote to the table that explains some of the type letter designations. Table 430.91 was deleted. 

110.26: This section specifies the dimensions of the workspace about electrical panels and equipment. In the 
previous edition of the Code, the metric dimensions were rounded, such as 900 mm instead of the 
exact 914 mm. This rounding caused problems with enforcement, and now all metric dimensions are 
exact equivalents of the customary dimensions. 

110.26(C): The words “egress from” were added to the title of this subsection and at several other locations. 
The section is not only concerned about access to electrical equipment, but also egress from the equip- 
ment in case of emergency. The addition of these words does not change the rule, except it does make 
the importance of the rules clear. 
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Figure 1.30 For an electrical equipment room with equipment rated 1200 amperes or more and more than 6 ft 
(1.8 m) wide, an exit door is not required to open out with a panic bar or simple pressure release if it is located 
more than 6 ft (1.8 m) from the edge of the work space. 


110.26(C)(3): This subsection deals with the situation where two means of access and egress are required to 
a room or space containing large electrical equipment. There are two significant changes to this sec- 
tion. To be considered large electrical equipment, the rating must be 1200 amperes or more and also 
more than 6 ft (1.8 m) wide. This width requirement was taken out of the previous edition of the Code 
and now has been reinstated. The other change has to do with the direction the entrance/egress door 
opens. The previous edition of the Code required the door to open out of the work area where large 
electrical equipment was housed. N ow the door must open out and be of the simple pressure plate type 
latch only if the door is not more than 25 ft (7.6 m) from the edge of the work space. These important 
changes are illustrated in Figure 1.30. 

110.33(A): This paragraph specifies when an access door to electrical equipment operating at over 600 volts 
is required to open out of the space and be of the panic bar or simple pressure plate type latch. This 
requirement only applies when the door is located less than 25 ft (7.6 m) from the edge of the equip- 
ment work space. 

110.34(A ): This section specifies dimensions of the workspace around electrical equipment operating at over 
600 volts. T here are two significant changes. Some, but not all, of the metric dimensions are now exact 
equivalents of the customary dimension. The other change specifies that the workspace around equip- 
ment is required only when the equipment is likely to require examination, adjustment, servicing, or 
maintenance while energized. 


Article 200 Useand Identification of Grounded C onductors 


200.2(B): A grounded conductor such as a neutral is not permitted to have a portion of its path consist of 
a metal enclosure, raceway, or cable armor. There must be direct conductor to conductor contact 
through a listed terminal or splicing device. An example of where a metal enclosure would act as a 
part of the neutral path is where an equipment grounding terminal is added to a panelboard and a 
properly sized neutral wire is not run between the added terminal and the neutral terminal block as 
shown in Figure 1.31. 

200.3 Exception: This is a new exception dealing with listed utility-interactive inverters used with on-site 
power generation systems such as photovoltaic systems and fuel cell systems. This section required 
that the power supply system connected to the premises wiring have a grounded conductor. T hat is the 
case since the utility supplies power as a 120/240 volt, 3-wire system with a grounded neutral con- 
ductor. The output of an inverter intended to be operated interactive with the utility system is fre- 
quently 240 volts, 2-wire ungrounded. Itis common practice to connect this inverter line-to-line across 
the ungrounded conductors. This new exception permits that practice in a manner similar to the 
arrangement shown in Figure 1.32. 
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Figure 1.31 The grounded circuit conductor is not permitted to consist of a metal enclosure, metal raceway, or 
metal cable sheath for part of its circuit path as can be the case when a neutral conductor is terminated to an 
equipment grounding bus rather than the neutral bus in a panelboard. 


200.3 EXCEPTION PERMITS 
UNGROUNDED INVERTER OUTPUT 
CONNECTED TO GROUNDED 
PREMISES WIRING 
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I 
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SOURCE 


Figure 1.32 It is permitted to connect an ungrounded electrical source from a listed utility-interactive inverter 
to a grounded premises electrical utilization system. 


Article 210 Branch Circuits (210.19(A )(1) and 210.20 only) 


210.19(A )(1) Exception 2: The minimum ampere rating of an ungrounded conductor is required to be not less 
than any non-continuous load served plus 1.25 times any continuous load served. It is the overcurrent 
device protecting the ungrounded conductors that requires the continuous load to be multiplied by 1.25. 
In the typical case where there is no overcurrent device connected in series with a grounded conductor 
(neutral), this new exception permits both the non-continuous and continuous loads to be treated the 
same and it is not necessary to determine the minimum neutral ampere rating based upon 1.25 times 
the continuous load. 
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Figure 1.33 Cables and raceways installed beneath metal roof decking, except RMC and IMC, are required to 
be spaced a minimum of 17/2 in. (38 mm) below the metal decking. 


Article 300 Wiring Methods 


300.4(E): This is a new paragraph that is concerned with protection of cables and raceways installed under 
roof decking. When new roofing is applied, the new materials above the existing decking are gener- 
ally held in pace by fasteners that penetrate down through the metal decking. M ost cables and many 
types of raceway will be damaged by the roof fasteners if the cable or raceway is installed close to 
the roof decking as can be seen in Figure 1.33. This new rule requires that cables and raceways, 
except rigid metal conduit and IMC, be installed not closer than 11/2 in. (38 mm) from the metal 
decking. 

300.9: When raceways are installed above ground in wet locations, the interior of the raceway is also con- 
sidered to be a wet location, and the wires installed are required to be listed for use in wet locations. 
An example would be the use of THHW wire instead of THHN. 

300.12 Exception 2: This is anew exception that permits conduits to extend up into open bottom equipment 
such as transformers and switchboards without being required to be secured to the frame of the 
equipment. 


Article 310 Conductors for General Wiring 


310.4: This section provides the rules for installing conductors in parallel. The entire section was rewritten 
and reorganized in an attempt to increase clarity. W hen conductors are run in parallel in separate race- 
ways, an equipment grounding conductor is required to be run in each raceway, and each is to be sized 
in accordance with Table 250.122. That part is the same, but what is new is that now there are limita- 
tions on the installation of the parallel equipment grounding conductors similar to those of unground- 
ed conductors and grounded conductors. The parallel equipment grounding conductors are to be of the 
same length, the same material, the same cross-sectional area, and be terminated at both ends in the 
same manner. 

310.13: The Code now recognizes the practice of installing equipment grounding conductors in listed mul- 
ticonductor cables as more than one conductor (sectioned) within the outer jacket provided the total 
cross-sectional area of the equipment grounding conductor complies with Table 250.122. 

Table 310.13(A ): It now states in the title of the table that it applies in the case of up to 600 volts nominal. 
This was done to make room for high voltage cable insulation and covering specification tables which 
were in a Table 310.61 through Table 310.63. 

310.15(B )(2)(c): Conductors run horizontally above rooftops and exposed to sunlight experience a signifi- 
cant additional temperature above the ambient air temperature. This is a new paragraph that requires 
an additional temperature increment to be added to the typical air temperature for the purpose of 
adjusting the ampere rating of conductors. The conditions are illustrated in Figure 1.34. The temper- 
ature adjustments are provided in Table 310.159B)(2)(c). The temperature adjustment is higher the 
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Figure 1.34 Cables and raceways run exposed to direct sunlight above rooftops experience additional heating 
above the air temperature, which is required to be added to the air temperature according to Table 310.15(B)(2)(c) 
for the purpose of adjusting conductor ampere rating. 


closer the conductors are run to the rooftop. Example 1.19 will help to illustrate the method of deter- 
mining the allowable ampere rating of conductors run horizontally across a rooftop and exposed to 
sunlight. 


Example 1.19 Assume a size 10 copper THHN set of conductors are to be run to rooftop equipment 
in EMT that is mounted 3 in. (75 mm) above the roof surface. If the typical average summer tempera- 
ture on a warm day is expected to be 95°F, determine the allowable ampere rating of the wires in these 
conditions. 


Answer: From Table 310.15(B)(2)(c) find that it is required to add 40°F to the average ambient air 
temperature to determine the temperature adjustment. The wires in this EMT are considered to be in 
an ambient temperature of 135°F. From the correction factors at the bottom of Table 310.16, find 0.71. 
Next, look up the ampere rating of the conductor, and apply the adjustment factor to find an allowable 
ampere rating of 28.4 ampere (40A X 0.71 = 28.4A). 


Article 328 Medium Voltage Cable: Type MV 


328.10(3) Exception: M edium voltage cable, Type M V that has an outer metallic jacket and is dual listed as 
Type MC cable, is now permitted to be run in cable trays as an exposed cable. It is also permitted to 
be run as an exposed cable for messenger supported wiring if it has a dual listing as Type MC. 


Article 330 Metal-Clad Cable: Type MC 


330.104: Conductors in metal-clad Type MC cable are now permitted to be nickel or nickel-coated copper. 
These types of conductors are sometimes specified for fire-rated circuits. 


Article 334 Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS 


334.12(A )(1) Exception: Type NM, NMC, and NMS cables are not permitted to be installed in multifamily 
dwellings where built of Type! or Typell construction. This exception permits their use in those build- 
ings, provided the cables are run in raceways approved for the application. 

334.15(C): Where there are cables containing two size 6 wires or three size 8 wires, the cable is permitted 
to be attached directly to the underside of the joists in the basement. The change is that this rule now 
also applies in the case of joists in a crawl space. 

334.80: It has been reported that when several nonmetallic-sheathed cables pass through the same hole in 
wood framing where the hold has been closed with some material such as fire caulk, heat can build up 
at that passage due to current flow in the wires that can eventually result in damage to the wire insu- 
lation. This new rule requires the adjustment factors for more than three conductors in a raceway or 
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Figure 1.35 When three or more cables with two or more current-carrying wires are passed through a hold in 
wood framing where the hole is closed, such as the case when fire caulk is added, are required to have the total 
number of current-carrying wires counted for the purpose of adjusting the ampere rating of the cables according 
to Table 310.15(B)(2)(a). 


cable, Table 310.15(B)(2)(a), to apply when three or more cables pass through the same hole and 
the hole is closed as illustrated in Figure 1.35. Each of the cables must also have two or more current- 
carrying wires. 

Assume, for example, that three 3-wire cables with size 14 AWG copper wire pass through the same hole 
in a wood framing member and the hole is closed with fire caulk. Consider the case of a multi-wire cir- 
cuit where the neutral does not count. Consider too the case where 3-wire cable being used has two of 
the wires as switch loop travelers, in which case only one wire can carry current at any one time. Assume 
for the example that all of the insulated conductors are current carrying conductors, then the conductor 
count would be nine wires. From Table 310.15(B)(2)(a), the adjustment factor is 0.7. The second 
sentence of this same section states that for the purposes of derating the current from the 90°C column 
of Table 310.16 is permitted. For the size 14AWG copper wire, the current rating is 25 amperes. M ultiply 
that value by 0.7 to get a current rating under these circumstances of 17.5 amperes. The overcurrent 
device on this circuit is only 15 amperes; therefore, there does not seem to be a problem. The problem 
most likely occurs when there are large numbers of cables passed through the same hole where the hole 
is closed. 

There is still another paragraph that applies the same rule to three or more cables that are run without 
a maintained spacing (bundled for example) and in contact with thermal insulation. There is no defi- 
nition as to what it means to be in contact with thermal insulation. The cables must have two or more 
wires rated as current-carrying conductors. In this case, the adjustment factors of Table 
310.15(B)(2)(a) will apply. 


Article 338 Service-Entrance C able: Types SE and USE 


338.10(B)(4)(a): The change involves the method of determining the ampere rating of Type SE cable 
when it is used as an interior wiring method. At the end of the sentence, the words “excluding 
334.80” were deleted. What this means is that for Type SE cable when used as an interior wiring 
method, the 60°C column of Table 310.16 is required to be used to determine the ampere rating of 
the cable, even when it is marked 75°C on the outer jacket. In the past, it was permissable to use 
the 75°C column of Table 310.16. 

338.12(A )(2): A new section on uses not permitted was created using rules that already existed elsewhere in 
the article. This is one new addition that clearly states that service entrance cable, Type SE, is not per- 
mitted to be installed underground either as direct burial or in raceway. 
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Figure 1.36 A nonmetallic extension from an existing outlet is permitted to consist of a listed flat ribbon type 
cable assembly that is permitted to be concealed with paint, wall paper, or other type of decorative wall or ceil- 
ing covering and terminated at listed outlets that provide for means of terminating the cable. 


Article 382 Nonmetallic Extensions 


382.2:A new definition of a concealable nonmetallic extension was added. It isa flat conductor cable so thin 
that it can be mounted directly on a wall or ceiling surface and covered with paint, wall paper, or some 
other decorative covering to make it practically invisible to the observer. The flat copper ribbon is 
encased in an insulating material and constructed in layers with an ungrounded conductor on the 
inside with a neutral conductor on both sides, and then an equipment grounding conductor on the out- 
side of the neutral conductor, as illustrated in Figure 1.36. T he entire assembly is encased in an extrud- 
ed nonmetallic covering. 

382.6: Concealable nonmetallic extensions are required to be listed and provided with supplementary over- 
current protection, GFCI protection, AFCI protection, and miswiring protection. 

382.10(C): Concealable nonmetallic extensions are permitted only for dwellings and offices and, if identi- 
fied for the purpose, are permitted to be installed more than three floors above grade. 

382.26: Concealable nonmetallic extension cable is permitted to be folded back on itself, which is a means 
of making a square corner as illustrated in Figure 1.36. 

382.42: Special devices are described that are self contained and provide a means of terminating the cable. 


Article 590 Temporary Installations 


590.6: This section requires ground-fault protection for installations used for temporary power to equipment 
during construction, remodeling, maintenance, and similar activities. The change is that a new sen- 
tence was added to make it clear that GFCI protection is required on circuits such as receptacle cir- 
cuits, whether the power source is utility power or an on-site generator. It is not uncommon to find 
generators used for such purposes that do not provide GFCI protection. 
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WORKSHEET NO. 1— BEGINNING 
GENERAL WIRING AND FUNDAMENTALS 


M ark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. The current drawn by a 250-watt incandescent lamp operating at 120 volts is: 
A. 0.40 amperes. C. 1.56 amperes. E. 3.00 amperes. 
B. 1.04 amperes. D. 2.08 amperes. 


2. A copper conductor that is 150 meters in length has a resistance of 0.14 ohms. If the 
current flow through the conductor is 50 amperes, the voltage drop along the con- 


ductor is: 
A. 1.4 volts. C. 7 volts. E. 357 volts. 
B. 3.7 volts. D. 14 volts. 


3. A 208/120-volt electrical panelboard is mounted on a concrete block wall and the 
panelboard faces metal equipment in the room that is mounted to the concrete floor 
as shown in Figure 1.37. The minimum distance from the front of the panelboard to 
the metal equipment is not permitted to be less than: 

A. 2 ft(610 mm). C. 3.5 ft (1.07 m). E. 10ft(3.05 m). 
B. 3 ft(914 mm). D. 4ft(1.22 m). 


Code reference 


CONCRETE 
BLOCK WALL 


v 


a es | ee 


MINIMUM oo 208/120-VOLT 


DISTANCE? PANELBOARD 


METAL EQUIPMENT 


Figure 1.37 A 208/120-volt panelboard is mounted on a concrete block wall, and metal equipment is located in 
front of the panelboard. 
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4. A branch-circuit consists of three copper conductors with THHN insulation run in 
Electrical M etallic Tubing with no other conductors. The conductor terminations are 
rated for a maximum of 75°C. The ambient temperature in the area of this installa- 
tion is not expected to exceed 30°C. If the conductors for this circuit are size 8 
AWG, the maximum ampacity of the conductors permitted to be used to determine 
the minimum conductor size is: 

A. 40 amperes. C. 55 amperes. E. 65 amperes. 
B. 50 amperes. D. 60 amperes. 


Codereference 

5. A 15-ampere, 120-volt branch-circuit consisting of Type UF Cable is supplied from 

the service panel in a dwelling, and the entire circuit is protected with a GFCI. The 

direct burial cable supplies a luminaire (lighting fixture) on a post in the yard, and 

is run under an unpaved drive used only for dwelling-related vehicles, shown in 

Figure 1.38. The cable is required to be buried to a minimum depth of: 

A. 1ft(300 mm). D. 3ft(900 mm). 

B. 1.5 ft (450 mm). E. 4ft(1.2 m). 

C. 2 ft (600 mm). 


Codereference 
6. Type MC Cable with three size 8 AWG copper conductors is run in a commercial 
building through metal studs in a wall. When terminating at a metal box, the cable 
is required to be supported a distance from the box of not more than: 
A. 1ft(300 mm). C. 3ft(900 mm). E. 6ft(1.8 m). 
B. 1.5 ft (450 mm). D. 4.5 ft (1.4 m). 


Code reference 


MINIMUM DEPTH? 


DWELLING 


UF CABLE 


Figure 1.38 Determine the minimum depth of burial required for Type UF Cable under a dwelling drive with 
circuit rated 15 amperes and GFCI protected. 
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OUTLET 
BOX 
MINIMUM 
LENGTH 


Figure 1.39 Thereis a minimum length of free conductor required at an outlet or junction box for making up 
splices and connections. 


7. Type NM-B Cable enters a metal device box and is secured by a cable clamp at the 
bottom of the box. The cable is installed so the cable jacket extends /4 in. (6 mm) 
beyond the cable clamp and free conductors begin at the end of the cable jacket as 
shown in Figure 1.39. If the device box has a depth of 3.5 in. (90 mm), the mini- 
mum permitted length of free conductor in this box is required to be not less than: 
A. 3in.(75 mm). D. 8in. (200 mm). 

B. 6in. (150 mm). E. 12in. (300 mm). 
C. 6.5 in. (163 mm). 


Codereference 
8. Type NM-B Cable is used in a dwelling as a switch loop from a ceiling box at a 
lighting outlet to a single-pole switch on the wall. A 120-volt, black, insulated con- 
ductor and a white, insulated neutral conductor are run using Type NM -B Cable to 
the ceiling box as shown in Figure 1.40. The white, insulated conductor from the 
ceiling box to the switch box: 
A. is permitted to be either the 120-volt supply to the switch or the return to the light. 
B. is only permitted to be the return to the light. 
C. if marked to identify it as an ungrounded conductor, is permitted to be the 
return to the light. 


TYPE NM-B CABLE, 12/2 WG 


TYPE NM-B 
CABLE, 
12/2 WG 


LIGHTING 
OUTLET 


SWITCH 
Figure1.40 Nonmetallic-Sheathed C able is used to wirea circuit containing a ceiling luminaire (lighting fixture) 
controlled by a single-pole wall switch. 
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D. is only permitted to be the return to the light and must be marked to identify it 
as an ungrounded conductor. 

E. is only permitted to be the 120-volt feed to the switch and must be permanently 
marked to identify it as an ungrounded conductor. 


Codereference 
9. If aperson wishes to submit a proposal to amend a section of the 2005 NEC®, which 
may become a part of the 2011 NEC®, the proposal must be received either by mail 
or fax at the NFPA office in Quincy, MA, not later than 5:00 PM EST on: 
A. November 7, 2008. D. May 15, 2010. 
B. October 26, 2009. E. July 22, 2011. 
C. November 1, 2009. 


Codereference 
10. The cross-sectional area of a size 8 AWG solid copper conductor is: 
A. 4110 cmil (2.08 mm”). D. 16,510 cmil (8.367 mm?). 
B. 6530 cmil (3.31 mm”). E. 26,240 cmil (13.30 mm?). 
C. 10,380 cmil (5.261 mm’). 


Code reference 


11. A point on the wiring system at which current is taken to supply utilization equip- 


ment is called: 

A. atap. D. an appliance. 
B. aservice point. E. an outlet. 

C. acircuit. 


Codereference 
12. In a dwelling, for the purpose of supplying cord- and plug-connected loads 1440 
volt-amperes or less, or less than 0.25 horsepower, the nominal voltage between 
conductors supplying device terminals shall not exceed: 
A. 120 volts. C. 240 volts. E. 480 volts. 
B. 208 volts. D. 277 volts. 


Code reference 


13. TypeNM-B Nonmetallic-Sheathed Cable is required to be secured by staples, cable 
ties, straps, or similar fittings at intervals along the cable, shown in Figure 1.41, not 


exceeding: 

A. 3ft(900 mm). C. 4.5 ft(1.4 m). E. 8 ft(2.5m). 

B. 4ft(1.2 m). D. 6 ft (1.8 m). 

Codereference 
SO) TYPE NM-B CABLE 
Se es rt q l 
" | 
MAXIMUM DISTANCE? 


Figure 1.41 Determine the maximum support spacing for Nonmetallic-Sheathed C able run along the surface of 
a building. 
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14. The ampacity of a size 8 AWG copper Type UF Cable installed within a building 
with 90°C insulation on the conductors and not in conditions requiring ampacity 
adjustment is: 

A. 35 amperes. C. 45 amperes. E. 55 amperes. 
B. 40 amperes. D. 50 amperes. 


Codereference 
15. Type AC Armored Cable entering a box is required to be fastened in place by an 
approved means within a distance of the box of not more than: 
A. 6ft(1.8 m). D. 12 in. (300 mm). 
B. 24 in. (600 mm). E. 8in. (200 mm). 
C. 18 in. (450 mm). 


Code reference 
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WORKSHEET NO. 1—ADVANCED 
GENERAL WIRING AND FUNDAMENTALS 


M ark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 3-phase, 480-volt electric motor drawing 21 amperes with a power factor of 0.58 
will be drawing power of approximately: 
A. 5260 watts. C. 7308 watts. E. 11,190 watts. 
B. 5846 watts. D. 10,114 watts. 


2. Three resistors are connected in parallel, as shown in Figure 1.42, and they have 
resistances of 6 ohms, 9 ohms, and 18 ohms. The total resistance of the circuit is: 
A. 2ohms. C. 4ohms. E. 33 ohms. 
B. 3ohms. D. 11 ohms. 


3. The terminal for a size 1/0 AWG copper conductor without any markings to indicate 
the temperature rating of the terminal is assumed to have a minimum terminal tem- 
perature rating of: 

A. 30°C. C. 60°C. E. 90°C. 
B. 40°C. D. 75°C. 


Codereference 
4, Analuminum overhead triplex feeder conductor supplies a building with a calculat- 
ed load of 135 amperes and the feeder is protected at the supply end with a 
150-ampere circuit breaker. If the conductor insulation has a rating of 75°C, the 
smallest conductor permitted for this feeder is size: 
A. 1AWG. C. 2/0AWG. E. 4/0AWG. 
B. 1/0AWG. D. 3/0AWG. 


Code reference 


5. A 20-ampere rated branch-circuit supplies fluorescent luminaires (lighting fixtures) 
with a total load of 14.2 amperes. All terminations are 75°C rated, there are only 
three current-carrying conductors in EMT, and the conductor insulation is THHW 
as shown in Figure 1.43. The minimum size copper conductor permitted for this 
branch-circuit is: 

A. 16AWG. C. 12AWG. E. 8AWG. 
B. 14AWG. D. 10AWG. 


Code reference 


SINHO 9 
SINHO 6 
SINHO 81 


Figure 1.42 Three resistors are arranged in parallel with values of 6 ohms, 9 ohms, and 18 ohms. 
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3 CONDUCTORS 
IN EMT THHW COPPER 


LIGHTING LOAD 
14.2 AMPERES 


Ps 20-AMPERE CIRCUIT BREAKERS 
TERMINATIONS RATED 75°C 


Figure 1.43 Three Type THHW copper conductors are run in Electrical Metallic Tubing to supply a lighting 
load of 14.2 amperes on a 20-ampere rated branch-circuit with all terminations rated 75°C. 


6. Receptacles rated 120 volts and 15- or 20-amperes installed on construction sites for 

the purpose of supplying power for portable equipment are not permitted to be: 

A. of the grounding type. 

B. GFCI protected. 

C. supplied with Type NM-B Cable if the building is more than three floors in 
height. 

D. supplied with Type NM-B Nonmetallic-Sheathed Cable for other than 
dwellings. 

E. installed on branch-circuits that also supply temporary lighting. 


Codereference. 
7. Anelectrical panel is installed on a wall in aroom of acommercial building where 
the distance from the floor to the structural ceiling is 15 ft (4.5 m). The distance 
from the floor to the top of the panelboard is 6 ft (1.8 m). An air-handling duct that 
will not cause dripping due to condensation is: 
not permitted to be installed above the panelboard. 
permitted to be installed above the panelboard. 
permitted to be installed not less than 3 ft (900 m) above the panelboard. 
permitted to be installed not less than 4 ft (1.2 m) above the panelboard. 
permitted to be installed not less than 6 ft (1.8 m) above the panelboard. 
Code reference 


mOOD> 


8. Type FCC Flat Conductor Cable is to be installed on the surface of a concrete floor 
and covered with carpet squares to supply general-purpose branch-circuits for work 
stations in a large room. The maximum rating permitted for the branch-circuits is: 
A. not specified in the Code. D. 30 amperes. 
B. 15 amperes. E. 40 amperes. 
C. 20 amperes. 


Codereference. 
9. Type MI Mineral-Insulated Cable with three size 8 AWG copper conductors is 
installed as concealed wiring inside a building in a dry location. The end seal fittings 
for the cable and terminals have a 90°C rating. The maximum permitted allowable 
ampacity of the cable is: 
A. 40 amperes. C. 30 amperes. E. 55 amperes. 
B. 35 amperes. D. 50 amperes. 


Code reference 
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TYPE SE-R CABLE 


. - 
- | 


MAXIMUM DISTANCE? 


Figure 1.44 TypeSE style R Service-E ntrance C able is run along the flat surface of the interior of a building as 
a feeder to another location in the same building. 


10. Type SE-R Service-Entrance Cable with three insulated conductors and a bare 
equipment grounding conductor contained within the outer nonmetallic sheath is 
used as a feeder to provide power from the service panel to a panelboard located in 
another part of the building as shown in Figure 1.44. The cable run inside the build- 
ing along the flat surface of structural materials is required to be supported at inter- 
vals not to exceed: 

A. 6ft(1.8 m). D. 24 in. (600 mm). 
B. 41/2 ft (1.4 m). E. 12in. (300 mm). 
C. 3ft(900 mm). 
Codereference 

11. In an industrial building with a staff of maintenance electricians, Type TC-ER 
Power and Control Tray Cable with the same crush and impact requirements as Type 
MC Cable is permitted to be installed as open wiring between a cable tray and a 
machine and where not subject to physical damage, provided the maximum distance 
between supports does not exceed: 


A. 50 ft (15 m). D. 15 ft (4.5 m). 
B. 25ft(7.5 m). E. 6ft(1.8m). 
C. 20ft (6m). 


Code reference 


12. The National Electrical Code® does not apply to wiring installations in: 


A. underground mines. D. recreational vehicles. 
B. floating buildings. E. public buildings. 
C. carnivals. 


Codereference 

13. Type UF Cable is installed as surface wiring in a building where damp conditions 
are likely to exist. The cable is used with nonmetallic boxes and fittings that prevent 

the entrance of moisture. The cable is required to be supported at intervals not to 


exceed: 
A. 10ft(3m). D. 3ft(900 mm). 
B. 6ft(1.8 m). E. 24 in. (600 mm). 


C. 41/2 ft (1.4 m). 
Code reference 
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—_———. 


| WOOD STUD 


MINIMUM 
DISTANCE 


Figure 1.45 Type NM-B Nonmetallic-Sheathed C able is run through bored holes in wood studs. 


14. Nonmetallic-Sheathed Cable, Type NM-B, run through bored holes in wood studs 
in a dwelling, are only permitted to be installed without a metal plate or bushing 
protecting the cable from penetration by screws or nails if the distance from the edge 
of the hole, shown in Figure 1.45, to the nearest edge of the stud is not less than: 


A. 3/4 in. (19 mm). D. 14/4 in. (32 mm). 
B. 7/8 in. (22 mm). E. 2in.(50 mm). 
C. lin. (25 mm). 


Codereference. 

15. A dwelling is wired with Type NM -B Nonmetallic-Sheathed Cable. In the case of a 
lighting outlet controlled from two locations, a switch loop from the lighting outlet 
runs to the first 3-way switch with a cable with two insulated conductors and an 
equipment ground, and between the 3-way switches with cable containing three 
insulated conductors and an equipment ground. The ungrounded conductor that 
originates at the lighting outlet runs to the common terminal of the second 3-way 
switch as shown in Figure 1.46. For this particular installation, the traveler conduc- 
tors connecting the 3-way switches are required to be the red conductor and: 
A. either the white conductor with a permanent marking at each end or the black 

conductor. 

only the white conductor with a permanent marking at each end. 

only the black conductor with a red marking at each end. 

only the black conductor with a white marking at each end. 

only the black conductor. 


moO @ 


Code reference 
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NM-B 
14-2 WG 


COLOR INSULATION NM-B 14-3 WG 


REQUIRED? 


Figure1.46 Two 3-way switches are used to control a luminaire (lighting fixture) using Type NM -B Nonmetallic- 
Sheathed C able. Note the colors of conductors connected to the switches and luminaire (lighting fixture). 
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UNIT 2 


Wire, Raceway, and 
Box Sizing 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 

¢ determine the size of a conductor for a circuit considering ambient temperature and 
more than three conductors in the raceway, cord, or cable. 

¢ determine the minimum size conduit permitted when the conductors are all the same 
size and type of insulation. 

¢ determine the minimum size conduit permitted when the conductors are different sizes 
and different types of insulation. 

¢ determine the minimum size wireway and conduit nipples permitted for conductors. 

* determine the minimum size junction box or device box permitted to take conductor fill 
into consideration. 

¢ determine the minimum dimensions for pull boxes for straight pulls and angle pulls 
permitted. 

¢ determine the minimum dimensions permitted for conduit bodies for various 
applications. 

* answer wiring installation questions relating to Articles 312, 314, 342, 344, 348, 350, 
352, 353, 354, 355, 356, 358, 360, 362, 366, 376, 378, 386, 388, Chapter 9 Tables 1, 2, 
4,5, and 5A, and Annex C. 


¢ state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 312, 314, 342, 344, 348, 350, 352, 353, 354, 355, 356, 358, 360, 362, 366, 376, 
378, 386, 388, or Chapter 9 Tables 1, 2, 4, 5, and 5A, or Annex C. 


CODE DISCUSSION 


The emphasis of this unit is to determine the minimum size of conductors for specific circuit and feeder 
applications if the actual or calculated load current is known. The ampacity tables in Article 310 were dis- 
cussed in U nit 1. Emphasis of this unit is on determination of the size and the installation of conductors, race- 
way systems, and boxes. A brief discussion of some key points made in the article dealing with raceways, 
cabinets, and boxes follows, with example calculations later in this unit. 

Article 312 is on cabinets and cutout boxes used to enclose electrical equipment. Wire bending space 
and space requirements for wires in gutters within the enclosures are covered in 312.6. When a wire or wires 
leave a lug or terminal and leave the enclosure through the wall opposite the lug, the distance from the lug 
to that enclosure wall is determined from Table 312.6(B). When the conductors leave an enclosure wall 
adjacent to the lug, the distance from the lug or terminal to the opposite wall is found in Table 312.6(A). 
These wire bending space requirements are illustrated in Figure 2.1. 

Article 314 applies to outlet devices and junction boxes, pull boxes, and conduit bodies. It also covers 
requirements for handhole enclosures. Fittings permitted to contain splices or devices as permitted elsewhere 
in the code are required to meet the requirements of this article. Boxes, conduit bodies, and handhole enclo- 
sures shall be installed such that, after installation, they are accessible without removing any part of the 
building, or excavating, according to 314.29. Boxes are permitted to be installed behind easily removable 
panels such as ceiling tiles in suspended ceilings where the ceiling tiles are easily removed. 
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NEC ® 312.6 MINIMUM WIRE BENDING SPACE 


TABLE 312.6(A) TABLE 312.6(B) 
Figure2.1 Minimum wire bending space is required from a lug or terminal to the opposite wall of the enclosure. 


Minimum requirements for volume for the wires, devices, and fittings are given in 314.16. In the case of 
standard device boxes, the maximum number of wires permitted in a box is given in Table 314.16(A). The issue 
is that there is adequate physical space to prevent damage to conductors, prevent unnecessary pressure on 
splices and terminations, and prevent excessive heat produced within the box from current flowing in the wires 
and devices. If different sizes of wire enter a box or if a standard box is not used, then the minimum permitted 
volume of the box is determined using Table 314.16(B). When wire sizes 4 AWG and larger are contained ina 
box, the minimum size permitted is determined on the basis of physical length and width of the box, according 
to the rules of 314.28. Now the box is known as a pull box. 

The rules for supporting boxes are given in 314.23. Cable or raceway is required to be secured to 
metal boxes according to 314.17(B). Nonmetallic-Sheathed Cable and Type UF Cable are permitted to enter 
a single-gang nonmetallic box with dimensions not exceeding 21/4 in. by 4 in. (57 mm by 100 mm) without 
being secured to the box, according to the Exception to 314.17(C). The cable is required to be fastened at a 
distance along the cable of not more than 8 in. (200 mm) from the box, and the cable sheath is required to 
extend into the box opening a distance of not less than 1/4 in. (6 mm), as shown in Figure 2.2. This only 
applies for single-gang boxes in walls and ceilings. 

Article 342 is on Intermediate M etal Conduit (IMC). It is a metal raceway that is permitted to be threaded. 
Itis permitted to be used in essentially the same applications as Rigid M etal Conduit. This type of conduit has 
a smaller wall thickness than Rigid M etal Conduit. Intermediate M etal Conduit is available in trade sizes 1/2 
through 4 (16 through 103). It shall be supported within 3 ft (900 mm) of a box, fitting, or cabinet, and at inter- 
vals not more than 10 ft (3 m) unless threaded couplings are used. The 3 ft (900 mm) spacing requirement for 
supports at IMC terminations is permitted to be increased to not more than 5 ft (1.5 m) when building struc- 
tural supports do not permit supporting the IMC within 3 ft (900 mm) of the termination according to 
342.30(A). When threaded couplings are used, straight runs of IMC are permitted to be supported with the same 
maximum intervals as Rigid M etal Conduit, which are given in Table 344.30(B)(2). Exposed vertical risers with 
threaded couplings are permitted to be supported at intervals not to exceed 20 ft (6 m), provided no other means 
of support is available for industrial machinery and fixed equipment. 


NEC® 314.17(C) EXCEPTION NONMETALLIC SHEATH CABLE 
\ ENTERING NONMETALLIC BOX 


¥+— '/, IN. (6 MM) 


NONMETALLIC SINGLE-GANG BOX 


8 IN. (200 MM) MAXIMUM 


TYPE NM CABLE AND TYPE UF CABLE 


Figure2.2 Nonmetallic-Sheathed C able and Type UF Cable are not required to be secured to a single-gang non- 
metallic box if it is secured within 8 in. (200 mm) of the box and extends into the box at least */4 in. (6 mm). 
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10 FT (3 M) MAXIMUM 


3 FT (900 MM) IF THREADED COUPLINGS, 
MAXIMUM GREATER DISTANCE 
IS PERMITTED 
al >| > 
SUPPORT RIGID METAL SUPPORT 
CONDUIT 


STRAIGHT RUN 


NEC ® 344.30(B)(2) MAXIMUM DISTANCE BETWEEN SUPPORTS 
FOR RIGID METAL CONDUIT IS GIVEN IN TABLE 344.30(B)(2) FOR 
STRAIGHT RUNS WITH THREADED COUPLINGS. 


Figure2.3 Maximum support spacing for Rigid M etal C onduit is 10 ft (3 m) unless threaded couplings are used; 
then maximum spacing is found in Table 344.30(B )(2). 


Article 344 covers Rigid M etal Conduit (RM C) that has thicker walls than other types of metal conduit and 
tubing, and it is permitted to be threaded. Galvanized Rigid Steel Conduit is generally used where high mechan- 
ical strength is needed, and rigid aluminum conduit is often used where weight is required to be minimized. Rigid 
M etal Conduit is available in trade sizes from 1/2 through 6 (16 through 155). There is a minimum radius of bend 
permitted for all field bends. The minimum bend radius depends on the trade diameter (metric designator) of the 
conduit as given in Table 2, Chapter 9. There is a minimum radius of bend for one-shot and full shoe benders, 
and another minimum radius required if other methods of bending are used such as a hickey style bender. The 
minimum radius is measured to the centerline of the conduit. 

Rigid M etal Conduit shall be supported within 3 ft (900 mm) of a box, fitting, or cabinet, and at intervals not 
to exceed 10 ft (3 m). For straight runs of RM C with threaded couplings, the maximum support spacing is permit- 
ted to be increased to the distances given in Table 344.30(B)(2). This is illustrated in Figure 2.3. The 3 ft (900 mm) 
spacing requirement for supports at conduit terminations is permitted to be increased to not more than 5 ft (1.5 m) 
when building structural supports do not permit supporting the conduit at a lesser distance, according to 344.30(A). 
Exposed vertical risers with threaded couplings are permitted to be supported at intervals not to exceed 20 ft (6 m) 
if no means of intermediate support is available for connection to industrial machinery and fixed equipment. 

Article 348 is on Flexible Metal Conduit (FMC). It is of a spiral metal construction to provide flexi- 
bility and mechanical strength. This type of raceway is permitted for use in dry locations, and it is popular 
for use where flexibility is needed to connect raceway wiring systems to luminaires (lighting fixtures) and 
equipment. The minimum trade diameter generally permitted to be used is trade size 1/2 (16); however, there 
are several applications given in 348.20(A) where trade size 3/g (12) is permitted. 

Flexible M etal Conduit shall be supported within 12 in. (300 mm) of a box, fitting, or enclosure with 
some exceptions. Where limited flexibility is necessary, as shown in Figure 2.4, lengths up to 3 ft. (900 mm) 
are permitted to be supported only at the end connectors. Flexible M etal Conduit taps to luminaires (lighting 
fixtures) are permitted in lengths up to 6 ft (1.8 m), supported only at the terminals. An equipment grounding 
conductor is generally required to be installed because the Flexible M etal Conduit is usually not considered 
to be an acceptable equipment grounding conductor. The only condition is that, where the fittings are listed 
for grounding, circuit conductors within the listed Flexible M etal Conduit, not more than 6 ft (1.8 m) in length, 
are protected from overcurrent at not more than 20 amperes as provided in 250.118. 

Article 350 and Article 356 describe Liquidtight Flexible Metal Conduit (LFMC) and Liquidtight 
Flexible Nonmetallic Conduit (LFNC) as having a nonmetallic liquidtight outer covering. Liquidtight 
Flexible M etal Conduit is available in trade sizes up to 4 (103). Both Liquidtight Flexible M etal Conduit and 
Liquidtight Flexible Nonmetallic Conduit are permitted for use for exposed and concealed wiring when the 
conditions of installation, operation, or maintenance require flexibility or require protection from liquids, 
vapors, or solid materials. Liquidtight Flexible Nonmetallic Conduit shall be listed and marked for the pur- 
pose when installed outdoors or for direct burial. Liquidtight Flexible Nonmetallic Conduit Type LFNC-B is 
permitted to be installed in lengths greater than 6 ft (1.8 m). 

Liquidtight Flexible Conduit installed as a fixed wiring system is required to be supported at a distance 
of not more than 12 in. (300mm) from a box, fitting, or enclosure. Liquidtight Flexible M etal Conduit 
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Figure 2.4 Flexible M etal C onduit is permitted to be supported only at the ends for limited lengths when flexi- 
bility is necessary. 


(LFMC) as a fixed wiring system is permitted to be supported at intervals not to exceed 47/2 ft. (1.4 m). 
Liquidtight Flexible Nonmetallic Conduits, Type LFNC-A and Type LFNC-C, are not permitted to be 
installed in lengths greater than 6 ft (1.8 m), and are permitted to be supported only by the connectors. 
Liquidtight Flexible Nonmetallic Conduit, Type LFNC-B is permitted to be installed in lengths greater than 
6 ft (1.8 m) as a fixed wiring system with a maximum support spacing of 3 ft (900 mm). Type LFNC-B is 
only permitted to be installed as a flexible connection to equipment supported only by the connectors in 
lengths not greater than 3 ft (900 mm). It is permitted to be installed in lengths up to 6 ft (1.8 m) supported 
only by the connectors to luminaires (lighting fixtures) or to other equipment in accessible ceilings. 

An equipment grounding conductor is required to be installed through the Liquidtight Flexible 
Nonmetallic Conduit if the equipment or circuit supplied is required to be grounded. In the case of Liquidtight 
Flexible M etal Conduit, it is not permitted to be used as an equipment grounding conductor unless both the 
conduit and the fittings are listed for equipment grounding, and the length does not exceed 6 ft (1.8 m). If these 
requirements are met, then trade sizes of 3/8 and 4/2 (12 and 16), are not required to have a supplemental equip- 
ment grounding conductor, provided the circuit conductors are protected from overcurrent at not more than 
20 amperes. Trade sizes of 3/4 through 1/4 (21 through 35) are not required to have an equipment grounding 
conductor if the circuit overcurrent protection is not more than 60 amperes. W here necessary because flexi- 
bility is required, an equipment grounding conductor must be installed. These rules are found in 250.118. 

Article 352 concerns Rigid Nonmetallic Conduit (RNC), which is resistant to corrosion from moisture 
and most chemicals and made of polyvinyl chloride and designated PVC. PVC is available as Schedule 40, 
which is the standard wall thickness, and as Schedule 80, which has a thicker wall and thus will generally 
withstand greater impact before damage will occur. PVC is available in trade sizes 1/2 through 6 (16 through 
155). Standard lengths are 10 ft (3.048 m), although it is available as a continuous length from reels. The 
conduit is not threaded. It is joined to fittings by brushing an adhesive solvent on the conduit and then plac- 
ing the conduit into the fitting. If done properly, this will form a watertight seal at the fitting. The conduit is 
bent by applying heat to the area to be bent until the conduit softens. Then the conduit is placed in a form to 
make the desired bend and allowed to cool and harden. Factory-made bends are available. 

Rigid Nonmetallic Conduit of the PVC type changes length when it is exposed to changes in tempera- 
ture. If an installation will be subject to a large temperature variation during normal use, then it may be nec- 
essary to install expansion fittings to allow for the thermal expansion and contraction. It is important to 
remember thermal expansion and contraction when installing Rigid Nonmetallic Conduit, especially when 
installing conduit supports. If PVC is installed in a location where it will experience a change in temperature, 
supports must be of a type that will allow the PVC to move as expansion and contraction occur. Table 352.44 
gives the change in length of PVC when exposed to different temperature changes. The expansion rate for 
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Figure 2.5 Install PVC Rigid Nonmetallic C onduit so it can move due to thermal expansion and contraction if 
it will be exposed to a large temperature variation. 


PVC Rigid Nonmetallic Conduit in Table 352.44(A) is 0.04056 in./100 ft °F or 0.06084 mm/m °C. The 
temperatures in Tables 352.44 are temperature differences. One column is in degrees Celsius and the other is 
in degrees Fahrenheit. If the temperature difference is known in Fahrenheit degrees, multiply by 5 and divide 
by 9 to convert to Celsius degrees. A temperature difference of 45°F is equal to 25°C (45°F x 5/9 =25°C). 
If the temperature difference is known in Celsius degrees, multiply by 9 and divide by 5 to get Fahrenheit 
degrees. A temperature difference of 75°C is equal to 135°F (75°C x 9/5 =135°F). 

If Rigid Nonmetallic Conduit supports are installed in the correct locations, the conduit can move when 
the temperature changes without damage. If possible, avoid confining the conduit so expansion and contrac- 
tion will occur without applying stress to boxes, fittings, cabinets, and supports, as shown in Figure 2.5. If a 
straight run of Rigid Nonmetallic Conduit is installed so it cannot expand and contract with a change in 
temperature, then an expansion fitting is required if the length due to temperature change will be more than 
1/4 in. (6 mm) according to 352.44. A 120 ft (36.58 m) long straight section of PVC type Rigid Nonmetallic 
Conduit will change in length 4.87 in. (124 mm) if the temperature change is 100°F (55.6°C). Look up the 
expansion factor of 4.06 in. per 100 ft (3.38 mm/m) for PVC in Table 352.44(A). Then multiply the expansion 
factor by hundreds of feet (120/100 =1.2 hundreds) to get 4.87 in. (124 mm) of length change. Table 2.1 gives 
the change in length of PVC Rigid Nonmetallic Conduit for both customary and metric units. Verify the 
numbers in the previous example by looking up the values in Table 2.1 on the next page. 

A disadvantage of using PVC Rigid Nonmetallic Conduit is that it tends to sag between supports; 
therefore, supports are required to be closer together than for comparable sizes of metal conduit and tub- 
ing. The maximum permitted support spacing for different trade diameters is given in Table 352.30(B). The 
maximum support spacing permitted for PVC Rigid Nonmetallic Conduit is shown in Figure 2.6. For trade 
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Figure 2.6 Support spacing for PVC Rigid Nonmetallic C onduit depends on the trade diameter of the conduit. 
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Table 2.1 Change in length of PVC Rigid Nonmetallic C onduit with change in temperature. 


Temperature Length Temperature Length Temperature Length Temperature Length 
change change change change change change change change 
°c (mm/m) °F (in./1O00ft) °c (mm/m) °F (in./1O00ft) 
2.8 0.17 5.0 0.20 47.2 2.87 85.0 3.45 
5.0 0.30 9.0 0.37 48.0 2.92 86.4 3.50 
5.6 0.34 10.0 0.41 49.0 2.98 88.2 3.58 
6.0 0.37 10.8 0.44 50.0 3.04 90.0 3.65 
7.0 0.43 12.6 0.51 51.0 3.10 91.8 3.72 
8.0 0.49 14.4 0.58 52.0 3.16 93.6 3.80 
8.3 0.51 15.0 0.61 52.8 3.21 95.0 3.85 
9.0 0.55 16.2 0.66 53.0 3.22 95.4 3.87 
10.0 0.61 18.0 0.73 54.0 3.29 97.2 3.94 
11.0 0.67 19.8 0.80 55.0 3.35 99.0 4.02 
11.1 0.68 20.0 0.81 55.6 3.38 100.0 4.06 
12.0 0.73 21.6 0.88 56.0 3.41 100.8 4.09 
13.0 0.79 23.4 0.95 57.0 3.47 102.6 4.16 
13.9 0.85 25.0 1.01 58.0 3.53 104.4 4.23 
14.0 0.85 25.2 1.02 58.3 3.55 105.0 4.26 
15.0 0.91 27.0 1.10 59.0 3.59 106.2 4.31 
16.0 0.97 28.8 1.17 60.0 3.65 108.0 4.38 
16.7 1.01 30.0 1.22 61.0 3.71 109.8 4.45 
17.0 1.03 30.6 1.24 61.1 3.72 110.0 4.46 
18.0 1.10 32.4 1.31 62.0 3.77 111.6 4.53 
19.0 1.16 34.2 1.39 63.0 3.83 113.4 4.60 
19.4 1.18 35.0 1.42 63.9 3.89 115.0 4.66 
20.0 1.22 36.0 1.46 64.0 3.89 115.2 4.67 
21.0 1.28 37.8 1.53 65.0 3.95 117.0 4.75 
22.0 1.34 39.6 1.61 66.0 4.02 118.8 4.82 
22.2 1.35 40.0 1.62 66.7 4.06 120.0 4.87 
23.0 1.40 41.4 1.68 67.0 4.08 120.6 4.89 
24.0 1.46 43.2 1.75 68.0 4.14 122.4 4.96 
25.0 1.52 45.0 1.83 69.0 4.20 124.2 5.04 
26.0 1.58 46.8 1.90 69.4 4.22 125.0 5.07 
27.0 1.64 48.6 1.97 70.0 4.26 126.0 5.11 
27.8 1.69 50.0 2.03 71.0 4.32 127.8 5.18 
28.0 1.70 50.4 2.04 72.0 4.38 129.6 5.26 
29.0 1.76 52.2 2.12 72.2 4.39 130.0 5.27 
30.0 1.83 54.0 2.19 73.0 4.44 131.4 5.33 
30.6 1.86 55.0 2.23 74.0 4.50 133.2 5.40 
31.0 1.89 55.8 2.26 75.0 4.56 135.0 5.48 
32.0 1.95 57.6 2.34 76.0 4.62 136.8 5.55 
33.0 2.01 59.4 2.41 77.0 4.68 138.6 5.62 
33.3 2.03 60.0 2.43 77.8 4.73 140.0 5.68 
34.0 2.07 61.2 2.48 78.0 4.75 140.4 5.69 
35.0 2.13 63.0 2.56 79.0 4.81 142.2 5.77 
36.0 2.19 64.8 2.63 80.0 4.87 144.0 5.84 
36.1 2.20 65.0 2.64 80.6 4.90 145.0 5.88 
37.0 2.25 66.6 2.70 81.0 4.93 145.8 5.91 
38.0 2.31 68.4 2.77 82.0 4.99 147.6 5.99 
38.9 2.37 70.0 2.84 83.0 5.05 149.4 6.06 
39.0 2.37 70.2 2.85 83.3 5.07 150.0 6.08 
40.0 2.43 72.0 2.92 84.0 5.11 151.2 6.13 
41.0 2.49 73.8 2.99 85.0 5.17 153.0 6.21 
41.7 2.54 75.0 3.04 86.0 5.23 154.8 6.28 
42.0 2.56 75.6 3.07 86.1 5.24 155.0 6.29 
43.0 2.62 77.4 3.14 87.0 5.29 156.6 6.35 
44.0 2.68 79.2 3.21 88.0 5.35 158.4 6.42 
44.4 2.70 80.0 3.24 88.9 5.41 160.0 6.49 
45.0 2.74 81.0 3.29 89.0 5.41 160.2 6.50 
46.0 2.80 82.8 3.36 90.0 5.48 162.0 6.57 
47.0 2.86 84.6 3.43 91.0 5.54 163.8 6.64 
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sizes 1/2 through 1 (16 through 27), the maximum permitted spacing is 3 ft (900 mm). PVC Rigid 
Nonmetallic Conduit of all trade diameters shall be supported within 3 ft (900 mm) of a box, fitting, or 
cabinet. 

Several types of Rigid Nonmetallic Conduit are intended only for underground installations. TypeA is 
a thin-walled Rigid Nonmetallic Conduit that must be installed underground embedded in concrete. Type EB 
is also a thin-walled Rigid Nonmetallic Conduit that has a stiffer wall thickness than TypeA. It too must be 
installed underground encased in concrete. Type HDPE schedule 40 Rigid Nonmetallic Conduit is permitted 
to be installed without concrete encasement, but only for underground direct burial applications. Rules for 
installing High Density Polyethylene Conduit, Type HDPF, are given in Article 353. It is also important to 
note the designation markings on reinforced thermosetting resin conduit Type RTRC. If it is marked under- 
ground, itis only permitted to be installed underground. 

Article 354 describes the construction, use, and installation of a preassembled cable in nonmetallic 
underground conduit. This is asmooth outer surface nonmetallic conduit, which comes in continuous lengths 
usually on reels. The cable or conductors are already installed in the conduit. It is permitted to be used only 
for underground installations, except for terminating in a building, and above ground when encased in con- 
crete. This type is designated NUCC. The purpose of this product is the ease of installation of underground 
circuits to minimize the possibility of damage to the conductors during installation. This product is available 
in trade sizes from 1/2 to 4 (16 through 103). The same fill requirements apply as for other Rigid Nonmetallic 
Conduit installations. It is permissible to remove the conductors at a later time and replace them with new 
conductors. 

Article 355 provides construction, use, and installation specifications for R einforced T hermosetting Resin 
Conduit, Type RTRC, which is a type of Rigid Nonmetallic Conduit. The rules on installation are nearly the 
same as for PVC type Rigid Nonmetallic Conduit. This product is stiffer than PVC and is not as brittle as PV C 
at low temperatures. The support spacing, as given in the Code, is the same as for PVC; however, it is permit- 
ted to be listed for greater support spacing. A significant advantage of RTRC over PVC is that the thermal 
expansion and contraction of RTRC are less than half the expansion and contraction rate of PVC. In locations 
where the conduit will be exposed to extreme changes of temperature during normal use and room for expan- 
sion and contraction is limited, RTRC would be a better choice than PVC. The percentage conductor fill 
requirements for RTRC are the same as for other conduits and tubing; however, there is no table in Chapter 9 
giving the inside area of RTRC or the number of conductors permitted to be installed in Annex C. Previous edi- 
tions of the Code allowed use of the same inside area as PVC Schedule 40 Rigid Nonmetallic Conduit. 

Article 358 deals with Electrical M etallic Tubing (EMT), and it is frequently used where the raceway is 
not exposed to physical damage. The tubing is not permitted to be threaded. This type of raceway is popular 
because it is easy to cut, bend, and install. Electrical M etallic Tubing is available in trade sizes 1/2 through 4 
(16 through 103). Minimum bending radius to the centerline of the tubing is the same as for Rigid M etal 
Conduit. If the bends are made in the field, the minimum bending radius is found in Table 2 of Chapter 9. 

The maximum support spacing for Electrical M etallic Tubing is 10 ft (3 m). The tubing shall also be 
supported within 3 ft (900 mm) of a box, fitting, or enclosure. There is an exception that permits the support 
to be up to 5 ft (1.5 m) from the box, fitting, or enclosure if a practical means of support is not available at 
a lesser distance. 

Article 360 deals with a Flexible M etallic Tubing (FMT) that is liquidtight. It is important to read the list 
of uses permitted and uses not permitted covered in 360.10 and 360.12. This material is not permitted to be used 
in lengths to exceed 6 ft (1.8 m) as stated in 360.12(6). The use of Flexible M etallic Tubing as an equipment 
grounding conductor is covered in 250.118(7). An equipment grounding conductor is required to be installed 
unless the circuit conductors in the tubing are protected from overcurrent at not more than 20 amperes, the 
fittings are listed for grounding, and the total length of Flexible M etallic Tubing in any grounding path is not 
more than 6 ft (1.8 m). Radius of bends is given in 360.24, and the radius depends on whether the bend is fixed 
or may be infrequently flexed after installation. 

Article 362 deals with Electrical Nonmetallic Tubing (ENT), which is a pliable corrugated raceway that 
can be bent by hand. It is available in trade sizes 1/2 through 2 (16 through 53). The uses permitted are discussed 
in the article; however, in general, it is intended for use as exposed wiring, or as a concealed wiring method in 
walls, floors, and ceilings, and above suspended ceilings. If the building is more than three floors above 
grade, then walls, ceilings, floors, and suspended ceilings must have a 15-minute finish fire rating. An ENT 
installation is illustrated in Figure 2.7. Electrical Nonmetallic Tubing is permitted to be installed as surface 
wiring, provided itis not subjected to physical abuse and provided the building is not over three floors in height. 
Electrical Nonmetallic Tubing shall be supported at intervals not exceeding 3 ft (900 mm), and it shall be sup- 
ported within 3 ft (900 mm) of a termination at a box, fitting, or enclosure. 
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Figure 2.7 A minimum 15-minute finish fire rating is required when Electrical Nonmetallic Tubing is installed 
as concealed wiring in buildings of more than three floors above grade level. 


Article 366 is about auxiliary gutters, which are the same material as wireway except the purpose is 
different. A uxiliary gutters are limited to 30 ft (9 m) in length, and their purpose is to contain wiring between 
enclosures and devices such as at a motor control center or to connect the wiring and make taps for a group 
of enclosures making up a service entrance to a building. Auxiliary gutters constructed of metal are to be 
supported at intervals not to exceed 5 ft (1.5 m). NEC ® 366.22(A) permits up to 30 current-carrying wires in 
a metal auxiliary gutter without applying the derating factors of 310.15(B)(2)(a), provided that the conduc- 
tor cross section does not exceed 20% of the cross-sectional area of the metal auxiliary gutter. For non- 
metallic auxiliary gutter, there is no 30 current-carrying conductor limit, but the derating factors of 
310.15(B)(2)(a) must be applied whenever there are more than three current-carrying conductors at any one 
cross section. NEC ® 366.100(A) requires adequate electrical and mechanical continuity of the complete aux- 
iliary gutter system. This requirement would indicate that the auxiliary gutter would be considered to be 
acceptable to serve as an equipment grounding conductor. Conductors entering or leaving an auxiliary gut- 
ter that are bent or deflected more than 30 degrees as they enter are required to have a wire bending space 
determined according to Table 312.6(A). When conductors size 4 AWG and larger enter and leave an auxil- 
iary gutter, the distance between cable or conduit entries are not permitted to be less than given in 314.28 as 
illustrated for wireway in Figure 2.8. 

Article 376 and Article 378 cover wireways, which are raceways of square cross section with a 
removable or hinged cover along one side. These are used as a raceway for conductors from one location to 
another. M etallic and nonmetallic wireway is available. Change in length due to change in temperature must 
be considered when nonmetallic wireway is installed in locations where it will be exposed to a change in 
temperature. The cross-sectional area of the wire is not permitted to exceed 20% of the cross-sectional 
area of the wireway. The derating factors of 310.15(B)(2)(a) do not apply if there are not more than 
30 current-carrying wires in the metal wireway and the fill is not over 20%. For nonmetallic wireway, there 
is no 30 current-carrying conductor limit, but the derating factors of 310.15(B)(2)(a) must be applied 
whenever there are more than three current-carrying conductors at any one cross section. Wireways are not 
permitted to serve as equipment grounding conductors unless they are listed for the purpose. 

Metallic wireway mounted horizontally is required to be supported at each end and at intervals not to 
exceed 5 ft (1.5 m) unless listed for greater support spacings. If the wireway is manufactured as one solid 
length of more than 5 ft (1.5 m), the support spacing is permitted to be at the ends but at intervals not to 
exceed 10 ft (3 m). Vertical runs of wireway are permitted to be supported at intervals of not more than 
15 ft (4.5 m) with not more than one joint between supports. Nonmetallic wireway is required to be sup- 
ported at terminations and at intervals not to exceed 3 ft (900 mm) unless listed for greater support intervals 
up to 10 ft (3 m). For a vertical run, the maximum support spacing is every 4 ft (1.2 m). 

The minimum size of wireway for an application will depend upon not only the size, type, and number 
of conductors at any cross-section, but also how the wireway is used. The total cross-sectional area of the con- 
ductors is not permitted to exceed 20% of the inside cross-sectional area of the wireway. Nonmetallic wire- 
ways are required to have the inside cross-sectional area marked. Conductors frequently enter perpendicular 
to the wireway as shown in Figure 2.8. The minimum distance from the raceway entry to the opposite wall of 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Wire, Raceway, and Box Sizing 59 


250 KCMIL 
TABLE 312.6(A) 
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NEC ® 314.28(A)(2) 


Figure2.8 For araceway entry or a conductor passing through an Auxiliary G utter or Wireway with offset race- 
way or cable entries, the distance between raceway or cable entries shall not be less than given in 314.28. 


the wireway is required to be not less than the wire bending requirements of Table 312.6(A) for one conduc- 
tor per terminal. When conductors size 4 AWG and larger enter and leave a wireway, the distance between 
cable or conduit entries is not permitted to be less than given in 314.28 as illustrated in Figure 2.8. The dis- 
tance is six times the trade diameter of the largest raceway when the entries are offset, and eight times the 
trade diameter of the largest raceway when the entries are straight across from each other. A nother way to deal 
with a straight pull through a wireway is to run the raceway straight through without the conductors actually 
entering the wireway. This will avoid having to install a wireway with a dimension greater than necessary for 
the conductors run in the wireway. 

Article 386 and Article 388 are about surface metal raceways and surface nonmetallic raceways. These 
are raceways attached to the surface of walls or ceilings. A typical application is where the raceway is run 
on the surface to extend from an existing outlet to a new outlet location. Equipment grounding for surface 
metal raceway is covered in 386.60. It is not permitted to be used as an equipment grounding conductor 
unless the surface metal raceway is specifically listed for the purpose. Raceway support requirements are not 
stated in this article. In 386.30 and 388.30, it states that support is to be according to manufacturer instruc- 
tions. 

Chapter 9, Table 1 Notes provide information necessary for the use of the tables. Notes 3 and 4 are of 
particular interest. Note 3 states that equipment grounding conductors, if present, are to be counted when 
determining conduit or tubing fill. Note 4 covers conduit and tubing nipples. As illustrated in Figure 2.9, con- 
duit or tubing not more than 24 in. (600 mm) in length is considered to be a nipple. The wire fill is permit- 
ted to be 60% of the conduit or tubing total cross-sectional area. Also, the derating factors of 310.15(B)(2)(a) 
do not apply in the case of a conduit or tubing nipple. 


MAXIMUM LENGTH 
24 IN. (600 MM) 
t+ 


e °] NOTE 4, CHAPTER 9 
MAXIMUM FILL PERMITTED 
TO BE 60% OF THE NIPPLE 
TI I CROSS-SECTIONAL AREA 


NIPPLE 


Figure 2.9 Conduit or tubing between enclosures that is not more than 24 in. (600 mm) in length is considered 
to bea nipple. 
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Table 2 of Chapter 9 gives the minimum bending radius permitted for conduit and tubing. For the case 
of factory bends or field bends made with a one-piece bending tool, the first column of Table 2 is used. When 
bends are made with a tool that makes bends in multiple steps, the column marked “other bends” is used. In 
all cases, the minimum radius of bend is measured to the centerline of the conduit or tubing. In the case of 
Flexible Metal Conduit (FMC), Liquidtight Flexible Metal Conduit (LFMC), Liquidtight Flexible 
Nonmetallic Conduit (LFNC), and Flexible Nonmetallic Tubing (FNT), the minimum bending radius is meas- 
ured to the centerline of the conduit, but the other bend column is used. In the case of Rigid Nonmetallic 
Conduit, where field bends can be made by various methods, there is no specification of which column of 
Table 2 is to be used. As long as the cross-section of the conduit is not distorted, the first column of Table 2 
can be used. 

Tables in Chapter 9 or Annex C are used to determine the maximum number of wires and cables per- 
mitted to be installed in raceway. The total cross-sectional area of the conductors including the insulation is 
not permitted to exceed a maximum percentage of the cross-sectional area of the conduit or tubing. For most 
applications, the maximum is 40% fill. Table 1 gives the maximum permitted percentage of cross-sectional 
area the wires are permitted to fill in conduit and tubing. Table 4 gives the internal diameter and cross- 
sectional area for the common types of conduit and tubing. The available trade diameter for the different 
types of conduit and tubing are provided. The table also gives the maximum cross-sectional area permitted 
for each size and type of conduit or tubing for one, two, and three or more conductors. Specific directions 
are provided in the notes of this table that tell how to determine the minimum conduit or tubing diameter 
permitted for specific wires or cable. Note 9 tells how to determine the cross-sectional area of conduit or tub- 
ing for a multiconductor cable with an elliptical cross section. 


Example 2.1 A Type NM-B Cable with two insulated size 14 AWG conductors and one bare con- 
ductor has a maximum dimension of 3/8 in. (0.375 in. or 9.5 mm). Determine the cross-sectional area 
of the cable to find the minimum trade diameter Rigid M etal Conduit permitted to be installed, as 
shown in Figure 2.10. 


Answer: Note 9 of Table 1, Chapter 9 requires that for the purpose of determining conduit or tubing 
fill, the maximum dimension of the cable is to be used as though it was the diameter of a circular cable. 
The minimum trade diameter Rigid M etal Conduit required is trade size 1/2 (16). Look up the area in 
the “one conductor” column of Table 4. The area of a circle is as follows: 


. 3.14 x Diameter « Diameter 
Area of acircle = a ae 


When the wires are all of the same size and type of insulation, the cross-sectional area of the wires will 
be identical. In this case, Note 1, Chapter 9, specifies that the appropriate table in Annex C is permitted to 


CONDUIT OR TUBING 
TABLE 1 OF a 
CHAPTER 9, 
NOTE 9 


WIRE OR CABLE 


77 880% MAXIMUM FILL 
IN 4 PERMITTED 


LONG DIAMETER 


Figure 2.10 A Type NM-B Cableis installed in conduit or tubing. 
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be used to look up the minimum size of conduit or tubing for the wires. There are separate tables in 
Annex C for each type of conduit or tubing. Conductor strands may be made compact with no void space, or 
they may be round. The conductors with compact strands have a smaller cross-sectional area than conduc- 
tors of the same wire gage with round strands. The tables in Annex C for compact wires are designated with 
the letter A such as Table C1(A) through Table C12(A). 

If the wires are different sizes and different insulation types, the cross-sectional areas of each size or 
type will be different. In this case, it will be necessary to calculate the total cross-sectional area of the conduc- 
tors. Tables 5 and 5A give the diameter and cross-sectional area of conductors and their insulation. For alu- 
minum conductors with compact conductor configuration, the values are found in Table 5A. Then Table 4 is 
used to determine the minimum permitted size of conduit or tubing for the wires. Table 4 provides data on trade 
sizes (metric designator) of conduit and tubing, such as internal diameter and internal cross-sectional area. The 
table gives values of area that are percentages of the total area, for example, 1.342 sq. in. (866 mm’) is 40% of 
the total cross-sectional area of trade size 2 (53) Electrical M etallic Tubing. 


SAMPLE CALCULATIONS 


M ethods for making the calculations to select the minimum size permitted for conductors, conduit, and 
boxes for specific installations are discussed. These methods are the same as those used in the Code, but, as 
the Code often uses the trial and error method for minimum size determination, the methods presented in this 
unit use direct calculations from which the minimum permitted size may be determined. It is suggested that 
the student copy the various formulas in the margin of the Code page where the size is to be determined for 
easy reference in the future. 


Protecting Conductors 


Electrical wires are required to be protected to prevent insulation damage. There are three common ways 
that insulation damage can occur, and insulated conductors are required to be protected from such damage. 


* Protect insulation from excessive temperature (310.10). 
* Protect insulation and wire from physical damage (300.4). 
¢ Prevent deterioration of insulation by environmental factors such as chemicals and moisture (110.11). 


The ampere rating of a conductor will have an effect on the operating temperature of a conductor. A 
conductor heats as electrical current flows through the conductor. The amount of heat produced by current 
flow can be calculated using Equation 1.16. Figure 2.11 represents current flow through a conductor. 


Heat=Il? xR xt 
Where: | = current, in amperes 
R = resistance, in ohms 
If tis in hours, heat is in watt-hours 
If tis in seconds, heat is in joules 


Watt-hours can be converted to British thermal units (Btu) by multiplying by 3.413. As electrical cur- 
rent flows through a conductor, the temperature will rise. It takes approximately three hours of steady cur- 
rent flow for the temperature of the wiring system to reach a maximum operating temperature. This is why, 
in the Code, continuous load is considered a load operating for three hours or longer. The Code is concerned 
about heat produced under various conditions, such as 100% of the rated maximum conductor ampacity, 


yep CURRENT 
——* RESISTANCE 
) —A~\wWwh— R } 
TIME 


INCREASE IN ANY OF THESE INCREASES HEAT PRODUCED IN WIRE 


Figure2.11 Heat produced in a conductor is proportional to the square of the current times the resistance of the 
conductor times the amount of time the current flows through the conductor. 
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Table 2.2 Approximate heat produced by current flow along 100 ft of size 12 AWG copper wire. 


Circuit rating Amperes Heat produced 
50% 10 16 J/s 
80% 16 41 J/s 
100% 20 64 J/s 


80% maximum conductor ampacity, and 50% conductor ampacity. Table 2.2 compares the joules of heat pro- 
duced in 100 ft of size 12 AWG copper with a wire resistance of 0.16 ohm. 

Compare the amounts of heat produced by the wire, as shown in Table 2.2. Conductors produce only 
one-quarter as much heat when operating at 50% load as they do at 100% of the rated maximum conductor 
ampacity. The conductors produce only 64% as much heat at 80% of conductor ampacity as at 100%. These 
percentages were determined based on the heating of 100 ft of size 12 AWG wire using Equation 1.16. 

Ambient or surrounding temperature has an effect on the operating temperature of a wire. The ampac- 
ity of conductors for conditions specified in the tables of Article 310 is determined at a specified ambient 
temperature. Temperature correction factors are provided at the bottom of the ampacity tables of Article 310, 
which are used to adjust the ampacity of the table for ambient temperatures other than those specified for the 
table. For example, consider a copper wire, size 3 AWG, which isin conduit in free air with 60°C insulation 
with an ambient temperature of 120°F (49°C). The ampere rating of the wire is found in Table 310.16 as 
85 amperes. The ampacity correction factor at the bottom of the table for 120°F (49°C) is 0.58, which results 
in an allowable ampere rating of the wire under these conditions of 49 amperes. 


Allowable wire ampacity =85A x 0.58 =49A 


The environment around a conductor affects the rate at which heat produced by current flow is 
removed from the conductor. This is the reason why several ampacity tables are in Article 310 of the Code. 
Heat is removed from the conductors at different rates if the conductors are overhead in free air, in cable, or 
directly buried in the earth. If the conductors are wet or dry, the rate at which heat is removed from the con- 
ductor changes under certain conditions. For example, referring to Table 310.16, conductors with insulation 
Type X HHW are permitted to have the ampacity determined as a 90°C rated conductor, but if the conditions 
are wet, itis considered a 75°C conductor. 

W hen there is more than one conductor in cable or raceway carrying electrical current, the overall tem- 
perature of the conductors builds more rapidly because each conductor is producing heat. The ampacity 
tables of Article 310 were based on a maximum of three current-carrying conductors. When there are more 
than three current-carrying conductors in a cable or raceway, an adjustment factor is used to determine the 
allowable ampere rating for a conductor. These adjustment factors are found in 310.15(B)(2)(a). When there 
are ten current-carrying conductors in cable or raceway, the adjustment factor drops to 50%. Because of the 
significant drop in the adjustment factor from nine to ten conductors in a single run of cable or conduit, there 
is areal incentive to limit the number of wires to not more than nine. 

There may bea situation where all of the conductors will not be energized at the same time. This is called 
load diversity. If the load diversity is not more than 50%, then other adjustment factors can be used. A 50% load 
diversity would mean that in any given cable or run of conduit or tubing, only 50% of the conductors would be 
energized at any time. The fine print note in 310.15(B)(2)(a) calls attention to Table B-310-11, which is in 
Annex B at the end of the Code. These adjustment factors are permitted to be used only when there is a load 
diversity of at least 50% and approved by the authority having jurisdiction. 


Neutral as a Current-Carrying Conductor 


Consider the case of more than three conductors in conduit, tubing, cord, or cable. The first step is to 
actually determine the number of current-carrying conductors. A neutral conductor, when serving as a com- 
mon conductor to more than one ungrounded conductor, may carry only the unbalanced load between the 
ungrounded conductors. NEC ® 310.15(B)(4) discusses this issue of when to count the neutral. Frequently, in 
the case of multiwire feeders and branch-circuits, the neutral conductor is not considered a current-carrying 
conductor. Therefore, it is not counted for the purpose of derating. The following discussion explains when 
to count the neutral conductor for the purpose of derating for more than three conductors in raceway or cable. 
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DO NOT COUNT NEUTRAL DO NOT COUNT NEUTRAL 
A A 
C) LOADS 
N SERVICE| _N 
— PANEL 
= C) 120-VOLT LOADS 
B B 


NEC ® 310.15(B)(4)(a) 


Figure 2.12 The neutral is not counted as a current-carrying conductor for a single-phase, 120/240-volt feeder 
or multiwire branch-circuit. 


SERVICE 
PANEL 


LOAD C) 


COUNT NEUTRAL 


Figure2.13 The neutral is counted as a current-carrying conductor for a 2-wire, single-phase, 120-volt branch- 
circuit or feeder. 


The single-phase, 120/240-volt 3-wire feeder, or multiwire branch-circuit, does not require the neutral 
to be counted as a current-carrying conductor. This is true even if the major portion of the load is electric 
discharge lighting or nonlinear loads such as data processing equipment. This type of circuit or feeder is 
shown in Figure 2.12. 

For the case of the 120-volt 2-wire circuit, the neutral is counted as a current-carrying conductor, as 
illustrated in Figure 2.13. It does not matter if the neutral is from a 3-wire 120/240-volt single-phase system, 
or from a 208/120-volt 3-phase system, the neutral is counted as a current-carrying conductor. T he neutral 
also is counted as a current-carrying conductor of a 2-wire 277-volt circuit. 

A 3-wire feeder, or multiwire branch-circuit, can be obtained from a 3-phase, 4-wire wye electrical 
system with the feeder or branch-circuit operating at 208/120 volts. Balancing the 120-volt loads will not 
reduce the current on the neutral (310.15(B)(4)(b)). The neutral will always carry significant current, and the 
neutral is counted as a current-carrying conductor. Figure 2.14 shows this 3-wire circuit derived from a wye 
electrical system. 

The 3-phase, 4-wire delta 240/120-volt feeder has a neutral conductor that serves as a common con- 
ductor for two of the ungrounded conductors, just like the 120/240-volt 3-wire single-phase system of 
Figure 2.12. The 4-wire, 240/120-volt delta system is shown in Figure 2.15. The neutral is not counted as 
a current-carrying conductor because the neutral only carries current due to the unbalance between the 
120-volt loads on each of the ungrounded conductors (ungrounded conductors A and C). The 120-volt 
loads are not required to be balanced. The heat produced by current in the 120-volt circuit conductors is 
not greater in the unbalanced condition than when in the balanced condition. 

For the 3-phase, 4-wire wye, 208/120-volt and 480/277-volt electrical systems, the neutral is not 
counted unless the major portion of the load consists of nonlinear loads such as electronic computers, data 
processing equipment, or electric discharge lighting. In the case of a 4-wire set of branch-circuits with a 
common neutral serving electric discharge lights in a room, the neutral is required to be counted as stated in 
310.15(B)(4)(c). If less than half of the line-to-neutral load in a building was electric discharge lighting, 
electronic computers, or data processing equipment, then the feeder neutral most likely would not be 
required to be counted as a current-carrying wire. The feeder and multiwire branch-circuits of a 4-wire wye 
system are shown in Figure 2.16. 
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DO NOT COUNT NEUTRAL UNLESS 
MAJOR PA RT OF LOAD IS ELECTRIC 
DISCHARGE LIGHTING, ELECTRONIC 
COMPUTERS, OR DATA PROCESSING 
EQUIPMENT 


FEEDER OR MULTIWIRE 
BRANCH-CIRCUITS WITH 
i 120- OR 277-VOLT LOADS 


~ 


COUNT NEUTRAL 
NEC ® 310.15(B)(4)(b) 


SERVICE 
PANEL 


Figure2.14 Theneutral is counted asa current-carrying conductor for a 3-wire feeder or branch-circuit derived 
from a wye system. 


SERVICE 
PANEL 
B B 
NEC ® 310.15(B)(4)(a) 
A A 
C C 
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i ‘\. DO NOT COUNT NEUTRAL 
FEEDER WITH BALANCED 
DO NOT COUNT NEUTRAL IF 120-VOLT LOADS 


120-VOLT LOADS ARE BALANCED 


Figure 2.15 The neutral is not counted as a current-carrying conductor for a 4-wire feeder derived from a 
240/120-volt delta electrical system with reasonably balanced 120-volt loads. 


Sizing Conductors 


The Code in Article 310 requires that the allowable ampacity permitted for a conductor be determined 
based on the ampacity derating factors for ambient temperatures higher than that for which the ampacity 
table was developed. When there are more than three current-carrying conductors in cable or raceway, the 
derating factors of 310.15(B)(2)(a) shall also apply. A conductor is chosen from the proper ampacity table 
in the Code by choosing the wire that seems to be adequate, and then multiplying the allowable ampacity in 
the table by the temperature correction factor if it applies, and by the derating factor from 310.15(B)(2)(a) if 
it applies. This derated allowable ampacity value is not permitted to be smaller than the rating of the circuit 
subject to the provisions of 240.4. If itis smaller than the circuit rating, then it will be necessary to choose 
a larger wire and repeat this calculation. The allowable ampacity of a conductor if a temperature derating 
factor and a derating factor for more than three conductors in a cable or conduit apply can be determined 
using Equation 2.1. 
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NEC® 310.15(B)(4) 
NEC® 310.15(B)(4) 


a 


a) LESS THAN HALF OF LOAD IS NONLINEAR 
c) MAJOR PORTION OF LOAD NONLINEAR 
A 


‘ ( ) ere 
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a 


SERVICE 
DO NOT COUNT NEUTRAL UNLESS PANEL DO NOT COUNT NEUTRAL UNLESS 
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DISCHARGE LIGHTING, ELECTRONIC DISCHARGE LIGHTING, ELECTRONIC 
COMPUTERS, OR DATA PROCESSING COMPUTERS, OR DATA PROCESSING 
EQUIPMENT EQUIPMENT 


Figure 2.16 The neutral is not counted as a current-carrying conductor for a 4-wire feeder or multiwire branch- 
circuit unless the major portion of the load is electric discharge lighting, electronic computers, or data-processing 
equipment. 


Adjusted AllowableAmpacity = TableAllowableAmpacity < 
Derating Factor (310.15(B )(2)(a)) x 


Temperature C orrection Factor Eq. 2.1 


The rules for sizing conductors for a branch-circuit are in 210.19(A)(1) and for feeders in 215.2(A)(1). 
These rules are the same, but before they can be applied, first determine the size of overcurrent device pro- 
tecting the branch-circuit or feeder. The minimum size overcurrent device permitted for a branch-circuit is 
specified in 210.20(A) and for feeders in 215.3. The rules are the same. The minimum overcurrent device rat- 
ing is to be not less than 1.25 times the continuous load plus any noncontinuous load. Look up the standard 
ratings of overcurrent devices in 240.6(A). 

The next step in sizing a conductor for a branch-circuit or a feeder is to determine the minimum per- 
mitted conductor size assuming no correction factors or adjustment factors apply. The minimum conductor 
size is required to have an allowable ampacity not less than 1.25 times the continuous load plus any noncon- 
tinuous load. The column of the ampacity table to use depends upon the lowest temperature rating of a com- 
ponent of the circuit. Itis necessary to know the temperature rating of splicing devices and terminations of the 
circuit. It is also necessary to know the insulation temperature rating of the conductors. If no information is 
known about termination temperature, then the rule in 110.14(C)(1) will apply. The lowest temperature rating 
of acomponent in a circuit will determine the column of Table 310.16 that will be used to determine the min- 
imum size of the conductor for the circuit or feeder. Assume some terminations in a circuit are rated 60°C and 
some are rated 75°C. Assume the conductor insulation is THHN with a 90°C rating. For this circuit it will be 
necessary to look up the minimum conductor size using the 60°C column of Table 310.16. 

Next, determine if any adjustment or correction factors will apply. Is there a portion of the circuit 
where there are more than three current-carrying conductors? If the answer is yes, then determine the low- 
est temperature rating of any component in that portion of the circuit or feeder. For example, assume the con- 
ductors being sized have THHN insulation, but other conductors in that same run of raceway have THWN 
insulation. Then the ampacity to which the adjustment factor will be applied will be from the 75°C column. 
If all conductors in that portion of the raceway had 90°C rated insulation, then the ampacity to which the 
adjustment factor will be applied will be from the 90°C column of Table 310.16. This is permitted even 
though in another part of the circuit there are terminations rated at only 60°C. Look up the allowable ampac- 
ity in Table 310.16 and apply any temperature correction factor and adjustment factor from 310.15(B)(2)(a) 
that applies to the section of the circuit in question. 

NEC® 210.19(A)(1) states in the first sentence that the conductors for a branch-circuit shall have an 
ampacity not less than the maximum load to be served. The conductor ampacity is the value determined after 
applying the adjustment and correction factors. T hat value must not be less than the load. That means 1.0 times 
the continuous load plus 1.0 times the noncontinuous load. This will determine if the minimum conductor size 
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Figure 2.17 Eight circuits of a 120/240-volt, 3-wire electrical system supply fluorescent fixtures using multiwire 
branch-circuits that run through a room with an ambient temperature of 120°F (49°C). 


of the first step is still adequate to handle the load when adjustment and correction factors are applied. The 
following examples will illustrate the process of conductor size selection. 


Example 2.2 The home runs for eight 120-volt lighting circuits supplied from a 120/240-volt, 
3-wire, single-phase electrical system are contained in the same conduit, which runs for 30 ft (9.14 m) 
through an area of a building where the ambient temperature typically runs to 120°F (49°C). There are 
no fixtures or conductor terminations in the room that may operate up to 120°F (49°C). Each circuit 
supplies eight fluorescent luminaires (lighting fixtures), each of which draws 1.6 amperes for a total of 
12.8 amperes per circuit. M ultiwire branch-circuits are used with a common neutral for two ungrounded 
conductors. The total conductors within the conduit are eight ungrounded conductors and four neutral 
conductors. This circuit is illustrated in Figure 2.17. All circuits are protected with 20-ampere circuit 
breakers, and all terminations in the circuits are 75°C rated. Determine the minimum size of Type 
THHN copper conductors for the circuits. 


Answer: The overcurrent device for each circuit has already been selected at 20 amperes. The next 
step is to determine the minimum size conductor permitted without considering any adjustment or cor- 
rection factors according to 210.19(A)(1). The circuit supplies a continuous load, therefore, the mini- 
mum size conductor must have an allowable ampacity of not less than 1.25 x 12.8 amperes, which is 
16 amperes. The 75°C column of Table 310.16 will be used because of the conductor terminations. It 
would appear that a size 14 AWG copper conductor is acceptable, but 240.4(D) only permits a 15-ampere 
overcurrent device on asize 14 AWG copper wire. These circuits have 20-ampere overcurrent devices, 
therefore, asize 12 AWG copper wire is required. 

Next, apply any adjustment factors to a size 12 AWG copper Type THHN conductor to deter- 
mine if it is still acceptable. The most severe conditions are in the room with the 120°F (49°C) ambi- 
ent temperature. The 90°C column of Table 310.16 can be used in this area to apply the temperature 
correction and other adjustment factors. For an ambient temperature of 120°F (49°C), the temperature 
correction factor is 0.82. 

Now determine the adjustment factor from 310.15(B)(2)(a). First, itis necessary to determine if 
the neutral conductors are counted as current-carrying conductors. According to 310.15(B)(4)(a), the 
neutrals are not counted, therefore, the total number of current carrying conductors for this circuit is 
eight. From Table 310.15(B)(2)(a), the adjustment factor is 0.7. Use Equation 2.1 to determine the 
adjusted allowable ampacity of THHN copper conductors under these conditions. 


Adjusted AllowableA mpacity =30A xX 0.82 x 0.7 =17.2A 
Finally, compare the adjusted allowable ampacity of the conductors with the actual load which, 


in this case, is 12.8 amperes. The adjusted allowable ampacity is greater than the load, but it is less 
than the rating of the overcurrent device. There is a rule in 240.4(B) that permits a circuit conductor 
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that does not match a standard rating of an overcurrent device to be protected by the next larger rating 
of overcurrent device which, in this case, is 20 amperes. The standard ratings of overcurrent devices 
are listed in 240.6(A). The conclusion is that the size 12 AWG copper THHN conductor is adequate for 
these circuits under these conditions. 


Example 2.3 Fluorescent luminaires (lighting fixtures) are installed on 120-volt circuits each of 
which draws 14.4 amperes. The electrical supply in the building is 3-phase, 4-wire, 208/120-volt ser- 
vice. Six 20-ampere lighting circuits are run in the same raceway to an area of the building where the 
luminaires (lighting fixtures) are installed. These are multiwire branch-circuits with six ungrounded 
conductors and two neutrals. The conductors are copper with THWN insulation, and all circuit termi- 
nations are 75°C rated. Determine the minimum size conductors for the circuits. 


Answer: The overcurrent devices for the circuits have already been selected at 20 amperes, which require 
asize 12 AWG copper conductor. The load on the circuit is 14.4 amperes which, multiplied by 1.25, gives 
18.0 amperes as the minimum conductor allowable ampacity without adjustment factors applied. 
Fluorescent luminaires (lighting fixtures) are generally considered to be nonlinear loads. In this case, 
310.15(B)(4)(c) requires the neutrals to be counted as current-carrying conductors. For this raceway run, 
there are eight current-carrying conductors which, according to Table 310.15(B)(2)(a), gives an adjust- 
ment factor of 0.7. The 75°C column of Table 310.16 is used to determine the unadjusted allowable 
ampacity of the conductors in the raceway. M ultiply the 25 amperes by 0.7 to get an adjusted allowable 
ampacity of 17.5 amperes. The allowable ampacity of the conductor is greater than the load of 
14.4 amperes. NEC® 240.4(B) permits this 17.5-ampere conductor to be protected with the next larger 
standard rating of overcurrent device as listed in 240.6(A), which is 20 amperes. The conclusion is that a 
size 12 AWG copper THWN conductor is the minimum size permitted for the circuit. 


Example 2.4 Two 3-phase, 3-wire circuits supply a 48-ampere continuous load. The circuit conduc- 
tors are copper with THHN insulation, and all circuit-conductor terminations are 75°C rated. In route 
to supplying the load, the circuits run through a room for a distance of 25 ft (7.62 m) that typically has 
an ambient temperature of 125°F (51.6°C), as shown in Figure 2.18. Determine the minimum size con- 
ductors for these circuits. 


Answer: First, determine the minimum rating of overcurrent device for the circuits using the rule of 
210.20(A). The overcurrent device is required to have a rating not less than 1.25 times the continuous 
load, plus the noncontinuous load. For this circuit, the minimum rating is required to be 60 amperes 
(1.25 x 48 A =60A).A 60-ampere circuit breaker or set of fuses is the minimum required for this 
circuit. 

Next, determine the minimum size conductor for the circuit assuming adjustment and correction 
factors do not apply. The rule is found in 210.19(A). The minimum conductor allowable ampacity, not 
considering adjustment or correction factors, is 1.25 times the continuous load plus the noncontinuous 
load. For this circuit, the minimum conductor size must have an allowable ampacity of 60 amperes 
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ELECTRICAL PANEL 


Figure 2.18 A run of conduit passes 25 ft (7.62 m) through a room with a high ambient temperature. 
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(1.25 x 48 A =60A). The termination temperature rating of 75°C determines the column of Table 
310.16 that is used to find the minimum conductor size for this circuit which is size 6 AWG. 

Finally, the temperature-correction factor and the adjustment for more than three conductors in 
the raceway are applied. The conductor insulation is THHN, therefore, it is permitted to use the 90°C 
column of Table 310.16 to find the allowable ampacity to which the correction and adjustment factors 
are applied. Use Equation 2.1 to determine the adjusted allowable ampacity of the conductors. Start 
with size 6 AWG to see if after adjustment it has an allowable ampacity not less than the 48-ampere 
load. There are six current-carrying conductors in the raceway. 


Adjusted Allowable A mpacity =75A x 0.8 x 0.76 =45.6A 


The adjusted allowable ampacity of the size 6 AWG copper THHN conductors is only 
45.6 amperes, which is less than the load of 48 amperes. It will be necessary to try the next larger size 
conductor. The adjusted allowable ampacity of asize4 AWG copper THHN conductor is 57.8 amperes 
(95A x 0.8 X 0.76 =57.8A). Using the rule of 240.4(B), the minimum size conductor permitted for 
these circuits is size 4 AWG copper Type THHN. 


Sizing Conduit and Tubing 


If all conductors in the conduit are the same size with the same type of insulation, the minimum trade 
diameter conduit or tubing permitted can be determined in accordance with Note 1 of Chapter 9. Note 1 
makes reference to the tables in Annex C. There are separate tables for each of twelve types of conduit or 
tubing. There is one set of tables for conductors with round strands and a separate set of tables for conduc- 
tors with compact strands. If a type of conduit or tubing is used that is not included in Annex C, the maxi- 
mum number of conductors permitted in the conduit or tubing is determined by using the cross-sectional area 
provided by the manufacturer and calculating the conductor fill. 

When the conductors in a conduit or tubing are of different sizes or types of insulation, the cross- 
sectional area of the conductors must be determined to calculate the minimum trade diameter of the con- 
duit or tubing to be used. The diameter and cross-sectional area of common types of conductors are given 
in Table 5 or Table 5A in Chapter 9. The total cross-sectional area of all conductors is first determined. 
Then, the minimum trade diameter conduit or tubing is found in Table 4 for the type of conduit or tubing 
to be used. In the case of three or more conductors in conduit or tubing, the 40% fill column is used to deter- 
mine the minimum trade diameter. Some examples will help illustrate how conduit or tubing is sized for a 
particular situation. 


Example 2.5 Two feeders, each consisting of three size 3/0 AWG, Type THHN conductors, are run 
in the same Rigid Metal Conduit, as shown in Figure 2.19. Determine the minimum trade diameter 
Rigid Metal Conduit permitted for the six conductors. 


Answer: Look up the minimum permitted Rigid M etal Conduit trade diameter directly in Annex C, 
Table C8. The minimum permitted trade diameter for wire with round strands is trade size 21/2 (63). 
If the wire was of compact strand construction, the minimum permitted trade diameter conduit would 
be trade size 2 (53) from Table C8A. 


Example 2.6 Determine the minimum trade diameter, Schedule 40 PVC Rigid Nonmetallic Conduit 
permitted to contain three size 2/0 AWG, Type THW wires, six size 12 AWG, Type THWN wires, and 
one bare size 6 AWG copper equipment grounding wire. This conduit is shown in Figure 2.20. 


MINIMUM PERMITTED SIZE ANNEX C 
SIZE 3/0 AWG 


TYPE THHN 


Figure 2.19 Six size 3/0 AWG, Type THHN wires are run in a Rigid M etal C onduit. 
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MINIMUM PERMITTED SIZE 
TABLES 4 AND 5 OF 
CHAPTER 9 


SIZE 12 AWG, TYPE THWN 


RIGID NONMETALLIC 
CONDUIT 


SIZE 6 AWG BARE 


SIZE 2/0 AWG, TYPE THW 


Figure 2.20 Insulated wires and bare copper equipment grounding wires are run in Rigid Nonmetallic C onduit. 


Answer: It is necessary to determine the total cross-sectional area of the wires. Wire cross-sectional 
area is not permitted to exceed 40% of the inside cross-sectional area of the conduit. Minimum trade 
size 2 (53) is found in Table 4. 


size 2/0 AWG, Type THW, Table 5 


3 X 0.2624 = 0.7872 in. 3 x 169.3 = 507.9 mm? 
size 12 AWG, Type THWN, Table 5 
6 X 0.0133 = 0.0798 in. 6 x 8.581 = 51.5 mm? 
size 6 AWG, bare, Table 8 
1 x 0.027 = _0.027 in? 1x 17.09 = 17.1 mm 
0.8940 in.? 576.5 mm? 


Sizing Conduit and Tubing Nipples 


A conduit or tubing nipple is defined in Note 4 of Chapter 9 as alength of conduit or tubing that does 
not exceed 24 in. (600 mm) in length. Figure 2.9 illustrates an application of a nipple. The cross-sectional 
area of the conductors is not permitted to exceed 60% of the cross-sectional area of the nipple. The nominal 
inside cross-sectional area of trade diameter conduit and tubing is given in the 100% column of Table 4, 
Chapter 9. For example, the total cross-sectional area of a trade size 2 (53) Rigid M etal Conduit nipple is 
3.408 sq. in. (2199 mm”). 

The minimum trade diameter of a conduit or tubing nipple permitted is determined by first finding the 
total cross-sectional area of all conductors contained within the nipple. This was done for the conductors in 
Figure 2.20, and the total cross-sectional area of the conductors was determined in Example 2.6 to be 
0.8940 sq. in. (576.5 mm’). Assume the conduit of Example 2.6 is a nipple. Using the cross-sectional area, 
select a trade size (metric designator) from Table 4 that is expected to be the correct size, and multiply the 
total cross-sectional area of that nipple by 0.6 (60%). The resulting area from this calculation is required to 
be equal to or larger than the cross-sectional area of the conductors. Consider a trade size 11/4 (35) Rigid 
Metal Conduit nipple. The conductor cross-sectional area of the conductors is permitted to be 0.9156 sq. in. 
(591 mm’). 


1.526 sq. in. X 0.6 =0.9156 sq. in. 
(985 mm? x 0.6 =591 mm?) 


This value is larger than the cross-sectional area of the wire; therefore, trade size 11/4 (35) Rigid M etal 
Conduit nipple is large enough for the conductors. Equation 2.2 can be used to determine the area of a nip- 
ple directly that has a cross-sectional area sufficient for the conductors. The total cross-sectional area of the 
conductors is divided by 0.6 (60%) to determine the minimum nipple cross-sectional area required. Then, 
just proceed down the 100% column of Table 4 until an area is found that is equal to or greater than the value 
calculated. Table 4 for each type of conduit and tubing now has a 60% fill column. The calculation method 
used in the past is no longer necessary once the conductor total cross-sectional area has been determined. 
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For the previous example, look up a conduit or tubing trade size that has a 60% area not less than 0.8940 sq. 
in. (576.5 mm?). If the nipple is Rigid M etal Conduit, then trade size 11/4 (35) is adequate. 


Actual Inside Area = SS ae eee Eq. 2.2 


Example 2.7 Assume the conductors form Figure 2.20 with a total cross-sectional area of 0.8940 
sq. in. (576.5 mm’) are to be run through a Schedule 40 PVC Rigid Nonmetallic Conduit nipple 
between two panels. Determine the minimum trade diameter nipple permitted. 


Answer: Now the method is real simple. Find Table 4 for Schedule 40 PVC Rigid Nonmetallic 
Conduit and look up a conduit in the 60% area column that is not less than 0.8940 sq. in. (576.5 mm”). 
Choose a trade size 11/2 (41) nipple. 


Wireway Sizing 


The total cross-sectional area of the conductors is not permitted to exceed 20% of the cross-sectional area 
of the wireway, except at splices, 376.22 and 376.56. The derating rules of 310.15(B)(2)(a) for more than three 
conductors in raceway do not apply to metal wireway when there are not more than 30 current-carrying wires 
in the metal wireway. Wireway is square in cross-section; therefore, the cross-sectional area is determined by 
squaring the trade dimension of the wireway. For example, a 4-in. by 4-in. (10-cm x 10-cm) wireway has a 
cross-sectional area of 16 sq. in. (100 cm). The interior cross-sectional area of nonmetallic wireway is marked 
on the wireway by the manufacturer, 378.120. Equation 2.3 can be used to determine the minimum permitted 
dimension of wireway for electrical conductors. First determine the total cross-sectional area of the conductors, 
and then determine the minimum permitted cross-sectional area required with Equation 2.3. 


Actual Inside Area = MES hee one ae Eq. 2.3 


0.2 


Example 2.8 Determine the minimum wireway dimensions permitted to contain nine size 2/0 AWG, 
Type THW wires, and twelve size 12 AWG, Type THWN wires. This wireway is shown in Figure 2.21. 


Answer: First, determine the total cross-sectional area of the conductors in the wireway. Equation 2.3 
can be used to determine the minimum permitted wireway cross-sectional area. A 4-in. by 4-in. (10-cm 
x 10-cm) wireway has a cross-sectional area of 16.0 sq. in. (100 cm’). Therefore, a 4-in. (10-cm) 
Square wireway is adequate for the conductors of this example. 


Size 2/0 AWG, Type THW, Table 5 
9 x 0.2624 = 2.3616 in 9 X 169.3 = 1524 mm? 


MINIMUM PERMITTED SIZE 
NEC ® 376.22, 378.22, OR 366.22 
AND TABLE 5 OF 


CHAPTER 9 
SIZE 2/0 AWG, SIZE 12 AWG, 
TYPE THW ——?( X TYPE THWN 


Figure 2.21 Minimum size of Wireway or Auxiliary Gutter based on 20% fill. 
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Size 12 AWG, Type THWN, Table 5 


12 x 0.0133 = 0.1596 in.’ 12 x 8.581 = 103 mm’? 
Total WireArea 2.5212 in.? 1626 mm’ 
Actual InsideArea = ee = 12.606 in? 
Actual InsideArea = seer = 8130 mm = 81.3 cm? 


Sizing Boxes 


The easiest method to size standard boxes is to count the total conductors and conductor equivalents, 
then look up the size in Table 314.16(A). This can be done only if the wires entering the box are all the same 
size. If they are not the same size, then the volume of the box must be determined using the volume require- 
ments of Table 314.16(B). The rules for determining the minimum size device or junction box permitted are 
given in 314.16(B). The following steps are used when all wires in the box are the same size: 


1. Count each circuit wire entering the box. An unbroken wire only counts as one. (Pigtails do not count.) 

2. Where one or more internal cable clamps are used, one conductor equivalent shall be counted based 
upon the wire size secured by the clamp. 

3. Fittings such as fixture studs and hickeys count as one conductor equivalent for each type of fitting. 

4. Each device yoke counts as two wire equivalents based upon the wire size terminating at the device. 

5. All grounding wires count as one wire equivalent unless the box contains equipment grounding wires 
for the circuit as well as for an isolated ground receptacle, such as may be used with computer 
equipment. 


If wires of different sizes are in the same box, the equipment grounds are counted as a wire of the 
largest size. A device in the box is counted as a wire of the largest size connected to that device if more than 
one size of wire is in the box. Cable clamps are counted as a conductor equivalent to the size secured by the 
clamp. 


Example 2.9 Determine the dimensions of the smallest size metal 3-in. by 2-in. (75-cm x 50-cm) 
standard device box required for the outlet shown in Figure 2.22. Both Type NM-B cables are size 
14 AWG copper, with two insulated wires and a bare equipment grounding wire. There is a single-pole 
switch in this box with cable clamps. 


STANDARD METAL BOX SIZE 
NEC ® 314.16(A) AND 
TABLES 314.16(A) AND 314.16(B) 


TYPE NM 14-2 WG 


GS 


( EQUIPMENT 

AA GROUNDING CONDUCTOR 
oo —_ 
| — 


-—— CABLE CLAMP 


TYPE NM 14-2 WG 


Figure 2.22 A switch is installed in a device box with size 14 AWG electrical cable with an equipment grounding 
wire. 
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Answer: Determine the number of conductors in the device box and the conductor equivalents for 
non-wire parts that take up space in the box. The procedure is described in 314.16(B). A 3-in. by 2-in. 
by 31/2-in. deep device box (75-cm x 50-cm x 90-cm) is found to be the minimum permitted from 
Table 314.16(A). 


Wires 

Cable clamps 
Other fittings 
Device 
Grounds 


Total 


olPnorsn 


Example 2.10 Consider another 3-in. by 2-in. device box similar to the one shown in Figure 2.22, 
except the conductors in the box are of different sizes. Conductors entering the box are a Type NM-B 
Cable with two size 14 AWG insulated and one bare equipment grounding conductor, and a Type NM-B 
Cable with two size 12 AWG insulated and one bare equipment grounding conductor. There are cable 
clamps in the box, and one single-pole switch. Determine the minimum depth standard device box 
permitted for this application. 


Answer: To determine the minimum size box, it will be necessary to determine the volume of the 
box. First, do a conductor count and determine the number of conductors and conductor equivalents 
for each wire size based on the rules in 314.16(B). The cable clamp, device, and equipment grounds 
are counted as though they were a conductor of the largest size in the box. In this case, the largest 
conductor is size 12 AWG. The minimum permitted capacity for the box is computed based upon 
the number of conductors of different sizes using the values from Table 314.16(B). In this case, the 
minimum box volume permitted is 17.5 in. (287 cm’). The volumes of standard boxes are listed in 
Table 314.16(A).A 3-in. by 2-in. by 34/2-in. standard device box is adequate for this application and 
has a volume of 18 in.? (295 cm’). 


Size 14 AWG Size 12 AWG 

Wires 2 2 

Equipment grounds 0 1 

Device 0 2 

Cable clamps 0 1 

Other fittings 0 0 

Totals Z 6 
Size 14AWG 2x 2.0in? = 4.0 in? 2 X 32.8cm? = 65.6 cm? 
Size 12 AWG 6 X 2.25 in? =13.5 in? 6 x 36.9 cm? = 221.4 cm? 
Totals 17.5 in? 287.0 cm? 


Nonmetallic boxes such as the one shown in Figure 2.23 do not have their volumes listed in Table 
314.16(A). The volume of the box is visibly displayed inside the box. M anufacturers can provide catalogs 
that give the dimensions and volumes of boxes available. 


Example 2.11 Type NM-B Cable is installed into a single-gang nonmetallic device box where the 
cable is fastened such that cable clamps in the box are not necessary. The cable entering and leaving 
the box has size 14 AWG conductors, two of which are insulated and one is a bare equipment ground- 
ing conductor as shown in Figure 2.23. There is also a single-pole switch in the box. Determine the 
minimum volume required for this box. 


Answer: |f the nonmetallic box does not contain cable clamps, then the equivalent conductor count 
is seven, as tabulated on the next page. A nonmetallic device box will be marked with the box volume. 
Look up the minimum volume requirement for each of the size 14 AWG conductors in Table 314.16(B). 
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Figure 2.23 A nonmetallic box contains one device and has a Type NM Cable with two size 14 AWG insulated 
wires and a bare equipment grounding conductor entering the box. 


Then multiply the seven conductor count of this device box by 2.0 in.? (32.8 cm?) for each wire in the 
box to get the minimum permitted box area of 14 in.? (230 cm’). 


Wires 

Cable clamps 
Other fittings 
Device 
Grounds 


Total 


slPNcCOoOR 


Size 14AWG 7 X 2.0 in? = 14.0 in? 7 X 32.8 cm? = 230 cm? 


Fixture wires, up to four including equipment grounding conductors smaller than size 14 AWG, enter- 
ing a box from a canopy fixture are not counted for the purpose of determining the minimum size box. In 
some cases, fixture wires smaller than size 14 AWG may be required to be counted, 314.16(B)(1) Exception. 
Be sure to count fixture studs and similar fittings, and if a fixture cover does not actually take up space inside 
a box, itis not counted. Plaster rings and raised covers for devices add volume to a box. Trade literature for 
device covers will list the amount of volume added for the various types and sizes. T he volume of raised cov- 
ers is usually marked on the cover. 


Pull Boxes 


Minimum dimensions are required for pull boxes and conduit bodies when the wires are size 4 AWG 
and larger. There are straight pulls in which the conductors enter one end of the box and leave the opposite 
end. For a straight pull, the minimum distance between openings is eight times the largest trade size conduit 
entering the pull box. The rule is found in 314.28(A)(1). 


Example 2.12 A trade size 2 (53) raceway enters and leaves opposite ends of a pull box as shown in 
Figure 2.24. The conductors in the raceway are size 2 AWG. Determine the minimum length of pull 
box permitted. 
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SIZE 2 AWG 
TRADE SIZE 2 (53) TRADE SIZE 2 (53) 


STRAIGHT PULL 

NEC ® 314.28(A)(1) 

Figure 2.24 A straight pull box in a run of trade size 2 (53) conduit where the conductors are size 4 AWG or 
larger. 


ANGLE PULL 


DIMENSION A NEC ® 314.28(A)(2) 


A 


TRADE SIZE 3 (78) 


TRADE SIZE 2 (53) | 


TRADE SIZE 1 (27) Te 


Figure 2.25 A pull box is used to make an angle pull for several conduits where the conductors are size 4 AWG 
or larger. 


1s) 


IMENSION B 


v 


TRADE SIZE 4 (103) 


Answer: The minimum permitted length of pull box for a straight pull is determined by multiplying 
the largest trade diameter conduit by eight. The minimum length permitted for this installation is 
16 in. (424 mm). 


8 X 2in. =16in. 8 x 53 = 424 mm 


For an angle pull, the distance to the opposite wall is not permitted to be less than six times the largest 
diameter conduit plus the sum of the trade sizes of other conduits or tubing on the same side in the same row. 
W hat is being sized is the distance to the opposite wall. This is confusing, and it will be necessary to read 
314.28(A)(2) carefully. An example of an angle pull box is shown in Figure 2.25. These required dimensions 
apply only when the wire size is 4AWG and larger. If the wires are size 6 AWG and smaller, there is no min- 
imum dimension requirement. In that case, the box is sized according to 314.16. 


Example 2.13 A pull box has three raceways entering one side, trade sizes 3 (78), 2 (53), and 1 (27), 
and a trade size 4 (103) raceway entering the adjacent side. Conductors passing from the trade size 4 
(103) to the trade size 3 (78) raceways are size 4 AWG or larger. The pull box is shown in Figure 2.25. 
Determine the minimum dimensions of the pull box. 


Answer: DimensionA is determined by multiplying the trade size 3 (78) diameter conduit by six and 
then adding to it the diameters of the other conduits on that same side in the same row. The minimum 
permitted length of dimension B is determined by multiplying the 4-in. diameter conduit (103) by six. 
The pull box is required to have a size not less than 21 in. (548 mm) by 24 in. (618 mm). 


Minimum length of dimension B of the pull box: 


6x 4in. =24in. 6 xX 103 = 618 mm 
Minimum length of dimension A of the pull box: 
6X 3in. =18in. 6x 78 =468 mm 
+ 2in. + 53mm 
+ lin + 27mm 
21 in 548 mm 
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The purpose of specifying a minimum size of pull box is to provide an adequate amount of space within 
the pull box to install conductors size 4 AWG and larger without injuring the insulation on the conductors. In 
addition to specifying the minimum size of pull box, there is an additional requirement that any conduit entry 
containing the same conductors must be spaced a minimum distance apart of six times the diameter of the 
largest raceway involved. Referring to the pull box of Figure 2.25, the conductors pass from a trade size 4 
(103) raceway to a trade size 3 (78) raceway. The distance between these two raceways is required to be not 
less than 24 in. (618 mm). 


Dimension C =6 X 4 in. = 24 in. =6 x 103 =618 mm 


Conduit Bodies 


The rules for determination of the minimum dimensions of pull boxes also apply to conduit bodies 
with one exception, which is the L B-type conduit body. The different situations considered are the straight 
run and the angle. These minimum dimension requirements apply only when the conduit body contains con- 
ductors size 4 AWG and larger. 

The rules of 314.28(A)(1) apply for a straight conduit body, and the length of the conduit body shall not 
be permitted to be less than eight times the trade diameter of the largest conduit entering the conduit body. 


Example 2.14 A conduit body is used for wire pulling access in a straight run of conduit, as shown 
in Figure 2.26. There are four size 4 AWG, Type THHN wires installed in a trade size 1 (27) conduit. 
Determine the minimum permitted length (dimension L) for this straight conduit body. 


Answer: This isa straight run, and the conduit body shall have a length not less than eight times the 
trade diameter of the largest conduit entering the conduit body. 


8 X lin. =8in. 8 X 27 =216 mm 


The rule for an angle conduit body is found in 314.28(A)(2). The dimension from a conduit entry to 
the opposite wall of the conduit body shall be required to be not less than six times the trade diameter of the 
conduit entering the conduit body. There is an exception that may be used for the dimension from the con- 
duit entry to a removable cover. This same exception can be used when a conduit enters the back of a pull 
box opposite the removable cover. This exception allows the dimension to be determined by the one con- 
ductor per terminal column of Table 312.6(A). 


Example 2.15 A TypeLB conduit body is installed in a run of conduit to make a right angle access 
through a wall, as shown in Figure 2.27. If four size 4 AWG Type THHN wires are run in trade size 1 
(27) conduit, determine the minimum dimensions of a Type LB conduit body. 


Answer: First, determine the minimum permitted length of dimension L2 that is required to be six 
times the trade diameter of the conduit to the opposite wall. 


Dimension L2: 6 X Lin. =6 in. 6 X 27 =162 mm 


Dimension L1 is from the conduit entry to the removable cover. An exception permits this dimension 
to be determined using the “one conductor per terminal” column of Table 312.6(A). Dimension L1 is 
a minimum of 2 in. (51 mm). 


If the wires in the conduit body are size 6 AWG and smaller, then the rules of 314.28 do not apply. The 
conduit body is then required to have a minimum cross-sectional area of not less than twice the cross-sectional 


a CONDUIT BODY STRAIGHT PULL 


ne ® 314.28(A)(1) 


DIMENSION L 


Figure 2.26 A Conduit Body is used to provide access to a conduit to make a straight wire pull. 
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A 
DIMENSION L1 
_-.<——+> 
LB-TYPE CONDUIT BODY 
NEC ® 314.28(A)(2), 314.28(A)(2) 
EXCEPTION, AND 
DIMENSION L2 TABLE 312.6(A) 


Figure 2.27 Minimum dimensions are required for a Type LB C onduit Body when the wires are size 4 AWG and 
larger. 


area of the largest conduit or tubing entering the conduit body, 314.16(C). If a conduit body is to contain 
splices, taps, or a device, 314.16(C) requires the volume to be marked in the conduit body, and the fill shall 
not exceed the requirement of 314.16(B). 

Sometimes cable assemblies with conductors larger than size 6 AWG join in a box for splicing or 
terminating. The rules in 314.28(A) also apply, but there is no conduit or tubing size to use to determine the 
minimum dimensions of the box. The method to be used is explained in 314.28(A). First, determine the 
minimum size conduit or tubing that would have been needed if the conductors had been run in conduit or 
tubing. Then use that minimum conduit or tubing size to determine the dimensions of the straight or angle 
box. The method is explained in Example 2.16. 


Example 2.16 A cable assembly containing four conductors size 2 AWG copper with Type THWN 
insulation enter one side of a box and leave the adjacent side of the box. Determine the minimum size 
of box required for splicing these conductors. 


Answer: Because the conductors are larger than size 6 AWG, this is to be treated as an angle pull and 
sized according to 314.28(A)(2). First determine the minimum trade diameter conduit or tubing that 
would have been required if the conductors had been run in conduit or tubing rather than as a cable 
assembly. Look up the cross-sectional area of the size 2 AWG Type THWN conductors in Table 5 and 
find the value 0.1158 sq. in. (74.71 mm?). Multiply this value by 4 conductors to get 0.4632 sq. in. 
(0.1158 in.2 x 4 = 0.4632 in.?) (74.71 mm? x 4 = 299 mm’). Then look up the minimum size conduit 
or tubing from Table 4 in the 40% column. The minimum is trade size 11/4 (35). If two different sizes 
are found, use whichever is smaller. Now use the rule of 314.28(A)(2) and multiply by 6 to get the min- 
imum dimension of 7.5 in. (1.25 in. X 6 =7.5 in.) (35 mm X 6 =210 mm). Another method of finding 
the minimum trade size conduit or tubing is to look up the size in Annex C. Usually, Table C4 for IMC 
will give the minimum trade size. 


Sizing and Installing Parallel Conductor Sets 


In the case of high-ampacity feeders, one conductor per phase may not be practical. Under these cir- 
cumstances, two or more conductors per phase may be desirable or even necessary. The objective is to keep 
the resistance of each parallel path equal so the load current will divide equally on each wire of the set. The 
wires and terminations heat up when they carry current; therefore, the resistance changes when the temper- 
ature of the wire and terminations changes. For these reasons, special requirements are necessary when 
installing parallel sets of wires. The following is a summary of some special installation rules of 310.4 for 
sets of multiple conductors for each ungrounded conductor and the grounded conductor: 


1. Power conductors are permitted to be paralleled only for size 1/0 AWG and larger, except for special 
applications. 

2. All parallel conductors of a phase or neutral set shall be the same length. 

3. All conductors of the phase or neutral set shall be of the same material, cross-sectional area, and the 
same insulation type. 
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4, All conductors of a phase or neutral set shall be terminated in the same manner. 

5. If run in more than one raceway, the raceways shall have the same physical properties, and the same 
length, and shall be installed in the same manner. 

6. If more than one raceway is used, make sure each phase wire and neutral, if present, is placed in each of 
the raceways to prevent eddy currents, as shown in Figure 2.28. This requirement is found in 300.20(A). 

7. If an equipment grounding wire is present and there is more than one raceway, an equipment ground- 
ing wire shall be in each raceway. The size of each equipment grounding conductor is determined 
according to 250.122(F), which means the overcurrent rating of the feeder determines the minimum 
permitted size of the equipment grounding conductor in each raceway. See also Figure 5.10. 


These rules for the installation of parallel sets of conductors apply to conductors of the same phase or 
neutral. Phase A is not required to be identical to phase B, for example. But all of the wires of phaseA are 
required to be identical, as discussed in the previous points. 

Determining the minimum parallel conductor size for a particular application can be confusing. In the 
case where there is a single main disconnecting means, the minimum permitted conductor size is deter- 
mined by dividing the rating of the feeder overcurrent device by the number of parallel sets of conductors. 
If there are more than three current-carrying conductors in a single raceway, then a derating factor accord- 
ing to 310.15(B)(2)(a) must be applied. Equation 2.4 can be used to determine the minimum permitted wire 
size for a feeder consisting of parallel sets of conductors. If the feeder rating is not over 800 amperes, then 
the next wire size smaller may be permitted to be used by 240.4(B). For some services, calculated load may 
be used. 


Minimum Parallel Conductor Ampacity = ee Overcurrent aang: Eq. 2.4 
No. of Sets x Derate Factor 


Example 2.17 Determine the minimum permitted size of copper Type THWN conductors when 
three parallel sets are used for a 3-phase, 3-wire feeder with a 500-ampere overcurrent device that is 
not rated for 100% continuous operation and when the actual load current does not exceed 80% of the 
rating of the overcurrent device. All nine conductors are run in the same raceway. 


Answer: The result of the calculation of Equation 2.4 gives a minimum feeder conductor rating of 
238 amperes when there are three parallel sets. The minimum Type THWN copper wire size from 
Table 310.16 is 250 kcmil with a rating of 255 amperes. This feeder has a rating of less than 
800 amperes; therefore, 240.4(B) will apply. In this case, a size 4/0 AWG conductor rated at 
230 amperes is adequate for the load and will satisfy the requirement of 240.4(B). 


Minimum Parallel Conductor A mpacity = uk. z 238A 
3 x 0.7 


NEC® 310.4 CONDUCTORS ARE PERMITTED TO BE RUN IN PARALLEL 


NEC ® 300.20(A) ARRANGE 
TRANSFORMER CONDUCTORS TO AVOID PANELBOARD 
INDUCED CURRENTS 
INSTALL ONE COMPLETE 
SET OF WIRES IN EACH 
[xol |x1] [x21 | Raceway B| IN 
ole) (elo) lo © ele] [ole) [ee] 


—_— I) 


Figure 2.28 Care must be taken when paralleling sets of conductors, particularly when more than one raceway 
is used. 
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Size 250-kcmil copper, Type THWN: 255A X 0.7 X 3 =536A 


Size 4/0 AWG copper, Type THWN: 230A X 0.7 X 3 = 483A 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. Only the articles with significant changes are listed in the follow- 
ing discussion. 


Article 314 Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole 
Enclosures 


314.24: This section specifies the minimum depth of boxes used for outlets, devices, and utilization equip- 
ment. The previous editions of the Code simply specified the minimum depth to be 1/2 in. (12.7 mm) 
if the box did not contain any devices or enclosed utilization equipment. The minimum depth was 
11/16 in. (23.8 mm) if the box did contain a device or utilization equipment. These remain the mini- 
mum depths for boxes with and without devices, but there have been changes in the minimum depth 
for boxes enclosing utilization equipment. There is also one additional overall rule that applies in all 
cases, and that is the box shall have sufficient depth to permit proper mounting of the device or 
utilization equipment that prevents damage to conductors in the box. 

When utilization equipment is enclosed in a box, the minimum depth depends upon the size of con- 
ductors connecting to the equipment. Extension boxes, plaster rings, and raised covers are permitted to be 
counted to gain the necessary minimum depth. The minimum depth is 15/16 in. (23.8 mm) when the wires 
are size 14 AWG and smaller. For wires sizes 12 and 10 AWG, the minimum depth is 13/16 in. (30.2 mm) 
with the additional requirement that for utilization equipment extending more than 1 in. (25 mm) into the 
box, the minimum depth is the distance the device extends into the box plus an additional 1/4 in. (6 mm). 
If the wires are sizes 8, 6, or 4 AWG, the minimum box depth is 21/16 in. (52.4 mm). Where the wire is 
larger than size 4 AWG, the box is to be listed for the application. In the case where the utilization equip- 
ment extends into the box more than 17/8 in. (48 mm), the box is to have a minimum depth of not less than 
the maximum depth of the utilization equipment plus an additional 4/4 in. (6 mm). 

314.27(A): Boxes that are installed in a ceiling at a location intended for a luminaire (lighting fixture) are 
required to be designed to support luminaires weighing up to 50 Ibs. (23 kg). Round and octagon boxes 
with side brackets are often not designed to support a 50 |b. (23 kg) weight. There is no exception in this 
section for ceiling outlets such as in closets, stairways, utility rooms, garages, and basements where a 
light weight luminaire (lighting fixture) or porcelain fixture is commonly used. A nother practice is where 
a fluorescent luminaire is mounted directly to the structure, but over an outlet box. This same paragraph 
treats wall boxes for luminaires (lighting fixtures) separately and requires the box to be designed for the 
purpose with the maximum weight that can be supported marked in the box. 

314.27(B): This section sets the maximum weight of 50 Ibs. (23 kg) that aluminaire (lighting fixture) can weigh 
and be mounted to the box. The change in this section is that words were added to specify that in order 
to support a luminaire, the box is required to be designed for the purpose. 

314.27(E): This is a new paragraph relating to the support of utilization equipment other than paddle fans. An 
example of such utilization equipment is a smoke detector. The box is to meet the same requirements as 
for luminaire mounting as stated in the previous paragraphs (A) and (B). There is an exception that per- 
mits utilization equipment weighing not over 6 Ibs. (3 kg) to be mounted to a box extension or plaster 
ring. 

314.28(A )(2): In the case where wires are size 4 AWG and larger and where run as cable or as individual wires 
in raceway, the sizing of a box for pulling purposes is specified in this section. If wires size 4 AWG or 
larger enter a box, are spliced, and leave the adjacent face of the box, this is also considered to be an angle 
pull and the provisions of this section for angle pulls shall apply. 
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18 IN. (450 MM) IMC 342.30(C) 
MAXIMUM RMC_ 344,30(C) 
Neooours >, 32200 
SN RTRC 355.30(C) 
| EMT 358.30(C) 
NORMAL RUN 
ba | 
' 3FT(900MM) | 
MAXIMUM 
NO SUPPORT 
REQUIRED 


Figure 2.29 An unbroken run of IMC, RMC, PVC, RTRC, or EMT is permitted to connect between two boxes, 
panels, or enclosures without support other than the terminations, provided the length does not exceed 18 in. 
(450 mm) and there are no oversized knockouts remaining at either termination. 


Article 342 Intermediate M etal C onduit: Type IMC 


342.30(C): This is anew paragraph dealing with the case of ashort run of IMC between two boxes and or enclo- 
sures that are solidly connected to the structure. The question is how short arun of IMC is required before 
no support is required for the IMC between the boxes or enclosures? If this were a long run of IMC, it 
would be required to support the raceway within a maximum distance of 3 ft (900 mm) of the termina- 
tion. Also in 342.30(A), the IMC is actually permitted to be supported no closer than 5 ft (1.5 m) from 
the termination if it is not practical to support it at a closer distance. N ow back to the earlier question. In 
the field, it has been a generally accepted practice to allow a distance of up to 3 ft (900 mm) between 
enclosures or boxes with no additional support of the IMC other than the terminations to the solidly 
mounted boxes or enclosures. This new paragraph, however, only permits this practice if the |MC length 
is not more than 18 in. (450 mm) and there are no oversized knockouts remaining in the box or enclo- 
sure. This is illustrated in Figure 2.29. If there are oversized knockouts remaining in one or both of the 
boxes or enclosures, then a support is required for the IM C. Technically, then, as stated in this paragraph, 
a support is required between boxes or enclosures, no matter the length of the IMC if oversized knock- 
outs remain in place. 


Article 344 Rigid Metal Conduit: Type RMS 


344.10(A): This section states the uses permitted for Rigid M etal Conduit (RM C). The change is that now the 
uses permitted for the different types of RMC are described. In the past, there were questions in the field 
as to use permitted. Galvanized steel and stainless steel RMC are permitted to be installed in all types of 
occupancies under any type of condition. The silicon bronze or red brass type of RMC is a Special type 
made for the corrosive conditions that exist in swimming pool areas. This type is permitted for any direct 
burial application. Aluminum RMC has some limitations and is permitted where judged suitable for the 
conditions. Supplementary corrosion protection is required where aluminum RMC is installed in contact 
with the earth. 

344.10(B): With respect to elbows, couplings, and fittings for Rigid M etal Conduit in areas where there is a cor- 
rosive environment, galvanized steel, stainless steel, and red brass types are permitted. Aluminum RMC 
elbows, couplings, and fittings are permitted in these areas, but supplementary corrosion protection is 
required when in direct contact with the earth or encased in concrete. 

344,.10(C): This paragraph states when Rigid M etal Conduit is permitted to be installed in or under cinder fill. 
In the previous edition of the Code, the types permitted were not listed. N ow it states that galvanized steel, 
stainless steel, and red brass RMC are permitted for this application. Aluminum RM C is not permitted. 

344,30(C): Support for arun of RMC other than the terminations is not required where the run is between two 
boxes or enclosures as one complete run without couplings or fittings, there are no oversized knockouts 
remaining at either termination, and the length does not exceed 18 in. (450 mm). If these conditions are 
not met, support is required to be provided in accordance with 344.30(A) and (B). See Figure 2.29 and 
previous discussion under 342.30(C). 
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Article 348 Flexible M etal C onduit: Type FMC 


348.12(1): The condition where Flexible M etal Conduit was permitted to be installed in a wet location was 
deleted. The previous edition of the Code permitted Flexible M etal Conduit to be installed in a wet loca- 
tion if the conductors in the conduit were suitable for the conditions and the FMC was installed in such 
a manner that water could not enter other raceways or enclosures. N ow there are no exceptions; FMC is 
not permitted to be installed in a wet location. 

348.30(A ) Exception 1: Flexible M etal Conduit is permitted to be fished into place where the normal support 
requirements do not apply. The change is that it is made clear that not providing support for the FMC 
applies only when fished into concealed spaces in finished buildings and in other locations where such 
support is impractical. 


Article 350 Liquidtight Flexible M etal C onduit: Type LFMC 


350.30(A ) Exception 1: Liquidtight Flexible M etal Conduit is permitted to be fished into place where the nor- 
mal support requirements do not apply. The change is that it is made clear that not providing support for 
the LFMC applies only when fished into concealed spaces in finished buildings and in other locations 
where such support is impractical. 

350.30(A) Exception 2: The previous edition of the Code specified that when Liquidtight Flexible M etal 
Conduit is installed in a location where flexibility is required after installation, the maximum length per- 
mitted to be installed supported only by the connectors was 3 ft (900 mm). That is still the rule for LFM C 
in trade sizes up to 11/4 in. (35). For trade sizes 11/2 in. (41) up to 2 in. (53), the length supported only 
by the connectors is permitted to be 4 ft (1.2 m). For trade size 21/2 in. (63) and larger, the maximum 
length supported only by the connectors is 5 ft (1.5 m). This new rule is illustrated in Figure 2.30. 


Article 352 Rigid Polyvinyl Chloride C onduit: Type PVC 


352.10(F): Itis made clear that PVC conduit is permitted to be installed exposed. It now also makes it clear that 
if PVC conduit is installed in an area where it is exposed to physical damage, the conduit must be iden- 
tified for physical damage. A new fine print note was added stating that Schedule 80 PVC conduit is iden- 
tified for installation in areas exposed to physical damage. 

352.30(C): Support for a run of PVC Rigid Nonmetallic Conduit other than the terminations is not required 
where the run is between two boxes or enclosures as one complete run without couplings or fittings, 
there are no oversized knockouts remaining at either termination, and the length does not exceed 18 in. 
(450 mm). If these conditions are not met, support is required to be provided in accordance with 
352.30(A) and (B). See Figure 2.29 and previous discussion under 342.30(C). 


Article 353 High-Density Polyethylene C onduit: Type H DPE 


353.10(5): High-Density Polyethylene Conduit (HDPE) is permitted to be installed above ground, provided it 
is encased in not less than 2 in. (50 mm) of concrete. 


350.30(A) EXCEPTION 2: INCREASED LENGTHS OF LIQUIDTIGHT 
FLEXIBLE METAL CONDUIT ONLY SUPPORTED BY CONNECTORS 


MAXIMUM 3 FT (900 MM) ‘2 TO 1'/4 IN. (16 TO 35) 
LENGTH 4FT(1.2M) 12 TOZIN. (41 TO 53) 
<—_—__§_ > 5FT(1.5M) 2'/2TO4 IN. (63 TO 103) 


Figure 2.30 The length of Liquidtight Flexible M etal C onduit supported only at the connectors installed where 
flexibility is needed is permitted to be greater than 3 ft (900 mm) for sizes 1:/2 in. (38 mm) and larger. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Wire, Raceway, and Box Sizing 81 


353.20(B): Type HDPE conduit is now permitted in sizes up to trade size 6 in. (155). The maximum size per- 
mitted by the previous edition of the Code was trade size 4 in. (103). 


Article 354 Nonmetallic Underground C onduit with Conductors: Type NUCC 


354.10(5): Nonmetallic Underground Conduit with Conductors (NUCC) is permitted to be installed above 
ground, provided it is encased in not less than 2 in. (50 mm) of concrete. 


Article 355 Reinforced Thermosetting Resin C onduit: Type RTRC 


355.2: Reinforced T hermosetting Resin Conduit (RTRC) is classified as Rigid Nonmetallic Conduit, and its use 
and installation were included in Article 352 along with PVC in the previous edition of the Code. It isa 
different material than PVC, yet installation and use are nearly the same as PVC. This material now has 
its own article. The most noticeable differences with PVC is that RTRC is astiffer product, and its ther- 
mal expansion and contraction are less than half that of PVC. 

355.30(C): Support for a run of RTRC Rigid Nonmetallic Conduit other than the terminations is not required 
where the run is between two boxes or enclosures as one complete run without couplings or fittings, 
there are no oversized knockouts remaining at either termination, and the length does not exceed 18 in. 
(450 mm). If these conditions are not met, support is required to be provided in accordance with 
355.30(A) and (B). See Figure 2.29 and previous discussion under 342.30(C). 


Article 358 Electrical M etallic Tubing: Type EMT 


358.30(C): Support for a run of EMT other than the terminations is not required where the run is between two 
boxes or enclosures as one complete run without couplings or fittings, there are no oversized knockouts 
remaining at either termination, and the length does not exceed 18 in. (450 mm). If these conditions are 
not met, support is required to be provided in accordance with 358.30(A) and (B). See Figure 2.29 and 
previous discussion under 342.30(C). 


Article 362 Electrical Nonmetallic Tubing: Type ENT 


362.30(A) Exception 3: Electrical Nonmetallic Tubing (ENT) in complete lengths without couplings is now 
permitted to be fished between outlets in finished buildings or in prefinished wall panels where securing 
as normally required is impractical. An application in a concealed wall is shown in Figure 2.31. 


362.30(A) EXCEPTION 3 


Peete, JOIST 
cco | 


SS —-_|-_ eee 


DS] 


ENT FISHED INTO 
FINISHED WALL 


UNBROKEN LENGTH 


MUST BE ——_* A 
= 
Figure 2.31 It is permitted to fish Electrical Nonmetallic Tubing (ENT) into finished wall spaces of finished build- 


ings where support of the ENT is not practical. 
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Article376 Metal Wireways 


376.100: New detailed construction specifications that were not in previous editions of the Code are provided 
for M etal Wireways. 


Article 388 Surface Nonmetallic Raceways 


388.30: There is now a new requirement that Surface Nonmetallic Raceway be supported in accordance with 
manufacturer's installation instruction. The previous edition of the Code did not contain any support 
requirement. 


Chapter 9 Tables 


Table 1, Note 9: When a multi-conductor cable is run in raceway, this note specified that the cable was to be 
treated as a single conductor with a diameter equal to the maximum cross-sectional dimension of the 
cable. There was no such rule for multi-conductor flexible cords. Now flexible cords are covered by this 
same rule, which states that they are to be treated as a single conductor (53% fill) using the overall diam- 
eter of the cable to determine the cord cross-sectional area. 
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WORKSHEET NO. 2— BEGINNING 
WIRE, RACEWAY, AND BOX SIZING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A metallic 3 in. by 2 in. (75 mm by 50 mm) device box contains one 3-way switch. 
The cables entering the box are one Type NM-B size 14 AWG copper 2-conductor 
with equipment ground, and one Type NM -B size 14 AWG copper 3-conductor with 
equipment ground, as shown in Figure 2.32. The device box contains cable clamps. 
The minimum permitted box depth for this installation is: 

A. 244 in. (57 mm). D. 31/2 in. (90 mm). 
B. 21/2 in. (65 mm). E. 4in. (100 mm). 
C. 23/4in. (70 mm). 

Code reference 


2. A single-gang nonmetallic box without cable clamps is used instead of the metallic 
box shown in Figure 2.32. The cables entering the box are one Type NM -B size 14 
AWG copper 2-conductor with equipment ground, and one Type NM-B size 14 
AWG copper 3-conductor with equipment ground. There is also a 3-way switch in 
the box. The minimum box volume permitted is: 

A. 14in3(229 cm). D. 18 in. (295 cm?). 
B. 15.75 in. (258 cm?). E. 20.25 in. (332 cm*). 
C. 16 in.2 (262 cm?). 

Code reference 


TYPE NM 14-3 WG 


TYPE NM 14-2 WG 


Figure2.32 A 3-way switch is installed in a metal device box with size 14 AWG Type NM -B Cable entering both 
ends of the box. 
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THREADED IMC TRADE SIZE 1 (27) 


COUPLING 


MAXIMUM DISTANCE? BOX 
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Figure 2.33 Intermediate M etal C onduit is run exposed on the ceiling of a room. 


3. A straight run of trade size 1 (27) Intermediate M etal Conduit (IMC) is joined with 
threaded couplings and is supported within 3 ft (900 mm) of a box, as shown in 
Figure 2.33. The maximum distance permitted between supports of this straight run 


of IMC is: 
A. 10ft(3 Mm). D. 16 ft (4.9 m). 
B. 12 ft (3.7 m). E. 20 ft (6.1 m). 


C. 14 ft (4.3 m). 
Codereference 
4. A feeder consists of four size 4/0 AWG copper Type THWN conductors run in 
Schedule 40 PVC Type Rigid Nonmetallic Conduit. The minimum trade size conduit 
permitted for this feeder is: 
A. trade size 1 (27). D. trade size 2 (53). 
B. trade size 14/4 (35). E. trade size 24/2 (63). 
C. trade size 11/2 (41). 
Codereference 
5. The conductor cross-sectional area is less than 20% of the cross-sectional area of a 
metal wireway. The adjustment factors for determining conductor allowable ampac- 
ity of 310.15(B)(2)(a) do not apply to conductors in this wireway if the number of 
current-carrying conductors in the wireway does not exceed: 
A. thirty. C. nine. E. three. 
B. twelve. D. Six. 


Code reference 


6. A nonmetallic single-gang trade size 2 by 3 (50 by 75) box without cable clamps is 
installed in a wall of a new dwelling. The wiring method is Nonmetallic-Sheathed 
Cable, Type NM-B with a minimum of 1/4 in. of the cable sheath extending into the 
box. It is not required to secure the cable to this box if the cable is fastened within a 
distance from the box measured along the cable of not more than: 

A. 3in.(75 mm). D. 8 in. (200 mm). 
B. 4in.(100 mm). E. 12 in. (300 mm). 
C. 6in. (150 mm). 

Code reference 


7. Fluorescent lay-in luminaires (lighting fixtures) are mounted in an accessible sus- 
pended ceiling and supplied from 20-ampere branch-circuits. Flexible M etal 
Conduit supported by only a listed connector at a solidly mounted junction box and 
at the luminaire (lighting fixture) is permitted to be installed to supply a luminaire 
(fixture) in lengths not to exceed: 

A. 18in. (450 mm). D. 4ft(1.2 m). 
B. 24 in. (600 mm). E. 6 ft (1.8 m). 
C. 3ft(900 mm). 

Code reference 
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8. A pull box is installed with a trade size 4 (103) Electrical M etallic Tubing entering 
one end and leaving the opposite end. The conductors in the run of raceway are size 
500-kcmil copper Type RHW. The minimum length of a pull box permitted for this 


installation is: 
A. 12in. (305 mm). D. 30 in. (762 mm). 
B. 18in. (457 mm). E. 32 in. (812 mm). 


C. 24 in. (610 mm). 
Codereference 
9. Trade size 1 (27) PVC Type Rigid Nonmetallic Conduit is run as exposed surface 
wiring in a building and securely fastened within a distance of not more than 3 ft 
(900 mm) of each box and cabinet. The maximum distance between supports in a 
run of this RNC is not permitted to be greater than: 


A. 3ft(900 mm). D. 8 ft (2.5 m). 
B. 5 ft(1.5 m). E. 10 ft(3 m). 
C. 6ft(1.8 m). 


Codereference 
10. Size 500-kcmil Type THWN copper conductors are permitted to enter the top of a 
panelboard and terminate into lugs, as shown in Figure 2.34, provided the distance 
from the top of the lugs to the top of the panelboard enclosure is not less than: 
A. 6in. (152 mm). D. 14 in. (356 mm). 
B. 10in. (305 mm). E. 15 in. (381 mm). 
C. 11in. (279 mm). 
Codereference 
11. A 44-ampere continuous load is supplied by a circuit consisting of three copper Type 
THHN conductors run in Electrical M etallic Tubing as illustrated in Figure 2.35 on 
the next page. There are no other conductors in the EMT and the circuit is protected 
with a 60-ampere rated circuit breaker. All conductor terminations in the circuit are 
rated 75°C. The minimum size conductor permitted for this circuit is: 
A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Code reference 


MINIMUM 
DISTANCE? 


500-KCMIL 
rr THWN 


Figure 2.34 A set of size 500-kcmil conductors enter a panelboard and terminate at the supply lugs. 
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Figure 2.35 Three copper conductors with THHN insulation are run in EMT for a 60-ampere rated circuit to 
supply a 44-ampere load. 


12. A 90° bend made in trade size 2 (53) PVC Rigid Nonmetallic Conduit in the field is 
not permitted to have a radius measured to the centerline of the conduit of less than: 
A. 91/2 in. (241 mm). D. 14 in. (356 mm). 
B. 10 in. (254 mm). E. 15 in. (381 mm). 
C. 12 in. (305 mm). 
Codereference 
13. Conductors are run to an electric motor in raceway with the final connection of 
Liquidtight Flexible Nonmetallic Conduit, Type LFNC-B, to provide for some flexi- 
bility at the motor for adjustments and to prevent transmission of vibration. The instal- 
lation is shown in Figure 2.36. An equipment bonding jumper is included. The 
Liquidtight Flexible Nonmetallic Conduit supported only at its terminations is permit- 
ted to be installed for this purpose in lengths not exceeding: 
A. 18in. (450 mm). D. 4ft (1.4 m). 
B. 2 ft(600 mm). E. 6 ft (1.8 m). 
C. 3ft(900 mm). 
Code reference 


Hn 
MAXIMUM LENGTH 
LFNC-B 


‘! 


MOTOR 


i) 


Figure 2.36 The final connection from a conduit to a motor terminal box is with a short length of LFNC-B 
Liquidtight Flexible Nonmetallic C onduit. 
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14. A metallic auxiliary gutter is installed at a motor control location for running circuit 
conductors from a panelboard to the various controllers. The auxiliary gutter is made 
mechanically and electrically continuous and is required to be supported at intervals 
not to exceed: 


A. 5 ft(1.5 m). D. 10 ft (3m). 
B. 6ft(1.8m). E. 12 ft (3.7 m). 
C. 8ft(2.5 m). 


Codereference 

15. A serviceina building has a main overcurrent device rated 1600 amperes. The service- 

entrance conductors are copper Type THWN run as four parallel sets each in a sep- 

arate Rigid Metal Conduit, shown in Figure 2.37. All conductor terminations are 

rated 75°C, and there are only three current-carrying conductors in each service 

raceway. The minimum size conductors permitted for this service are size: 

A. 500 kcmil. C. 700 kcmil. E. 800 kcmil. 

B. 600 kcmil. D. 750 kcmil. 


Code reference 


Alaalals 


1600-AMPERE MAIN 


MINIMUM SIZE? 
THWN COPPER 
CONDUCTORS 
4 PARALLEL SETS 
Figure2.37 A panelboard serving as the main service for a building has a 1600-ampere main overcurrent device 
and is supplied by four parallel sets of copper TH WN conductors. 
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WORKSHEET NO. 2— ADVANCED 
WIRE, RACEWAY, AND BOX SIZING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A trade size 1 (27) Electrical Metallic Tubing is run across a ceiling perpendicular 
to the trusses and attached to the bottom of the trusses as shown in Figure 2.38. The 
EMT is supported at each luminaire (lighting fixture) and at each truss. The maxi- 
mum permitted distance from the luminaire (lighting fixture) to the first support is: 
A. 18 in. (450 mm). C. 4ft(1.2 m). E. 10 ft(3 m). 

B. 3 ft(900 mm). D. 5ft(1.5 m). 


Codereference 
2. A metal junction box has one size 8 AWG 3-conductor Type NM-B Cable with 
equipment ground entering and two size 10 AWG 3-conductor Type NM-B Cables 
with equipment ground entering, as shown in Figure 2.39 on the next page. The junc- 
tion box is required to have a minimum volume of: 
A. 18in3(295 cm?). D. 32 in3(524 cm). 
B. 22.5 in2(369 cm?). E. 36in.23(590 cm?). 
C. 27 in.2(443 cm?). 
Codereference 
3. A circuit consisting of three copper Type THHN conductors is run in Electrical 
M etallic Tubing (EMT) serving a continuous load of 44 amperes. There are six other 
conductors with THHN insulation in the same run of EMT for a total of nine current- 


SUPPORT > lets TRUSS 
| EMT 
<4 > 
MAXIMUM DISTANCE 


Figure 2.38 Electrical Metallic Tubing of the trade size 1 (27) is attached to the underside of ceiling trusses at 
the boxes and at the truss between the luminaires (lighting fixtures). 
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Figure 2.39 A square junction box has two 3-conductor with equipment ground size 10 AWG cables and one 
3-conductor with equipment ground size 8 AWG cable entering. 


carrying conductors in the raceway, illustrated in Figure 2.40. If a 60-ampere over- 
current device protects the circuit, and all terminations are 75°C rated, the minimum 
size conductor permitted for the circuit is: 

A. 12AWG. C. 8AWG. E. 4AWG., 

B. lOAWG. D. 6AWG. 


Codereference 
4. Several circuits are run in Schedule 40 PVC Rigid Nonmetallic Conduit as shown in 

Figure 2.41 on the next page. There are four conductors size 3/0 AWG copper Type 
THHN, six conductors size 10 AWG copper Type THHW, and one size 6 AWG bare 
copper equipment grounding conductor. The minimum trade size PVC conduit per- 
mitted for these conductors is: 
A. trade size 2 (53). D. trade size 31/2 (91). 
B. trade size 21/2 (63). E. trade size 4 (103). 
C. trade size 3 (78). 

Code reference 


9 WIRES 

7 IN EMT 
~~ : 
U 


| 

| 

I MINIMUM SIZE WIRE? 

I |eo-AMPERE ciRcUIT FOR 4AM EE eR 
BREAKER 


ALL TERMINATIONS 
75°C RATED 


Figure2.40 A circuit protected at 60 amperes and with a 44-ampere load is run in a raceway with a total of nine 
current-carrying conductors. 
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SCHEDULE 40 
RNC 


10 AWG THHW 


6 AWG BARE 3/0 AWG THHN 


Figure2.41 A Schedule 40 Rigid Nonmetallic C onduit contains one bare size 6 AWG conductor, six size 10 AWG 
Type THHW conductors, and four size 3/0 AWG Type THHN conductors. 


5. Two enclosures are on back-to-back on opposite sides of a solid concrete wall and 
connected with a Rigid M etal Conduit that is only 14 in. (356 mm) in length. Four 
size 1 AWG copper Type THWN conductors are run through the conduit which, in 
this case, is required to have a minimum trade size of: 

A. trade size 3/4 (21). D. trade size 11/2 (41). 
B. tradesize 1 (27). E. trade size 2 (53). 
C. trade size 11/4 (35). 
Codereference. 

6. The general use 125-volt receptacles in a commercial building are supplied by 
20-ampere rated multiwire branch-circuits with three ungrounded conductors and a 
common neutral from a 208/120-volt, 4-wire, 3-phase electrical system. The con- 
ductors for nine circuits are run in a single raceway to an area of the building includ- 
ing nine ungrounded conductors and three neutral conductors. For the purpose of 
applying adjustment factors to determine the allowable ampacity of the conductors, 
the number of current-carrying conductors for this set of circuits is: 

A. SIX. C. ten. E. sixteen. 
B. nine. D. twelve. 


Codereference 
7. Four Type THHN copper current-carrying conductors are run in EMT and supply 
two 20-ampere incandescent lighting circuits where all conductor terminations are 
rated 75°C. The load on the circuits is 14.8 amperes. In route to the area where the 
luminaires (lighting fixtures) are installed, the raceway passes through an area for 
about 20 ft (6.1 m) where the room temperature is 125°F (52°C). The wiring is illus- 
trated in Figure 2.42. The minimum size conductors permitted for these circuits is: 


A. not possible to determine with the information provided. 
B. 14AWG. 

C. 12AWG. 

D. 10AWG. 

E. 8AWG. 


Code reference 
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Figure 2.42 Four copper conductors with Type THHN insulation for 20-ampere circuits are run in the same 
raceway and pass through a room with a 125°F (52°C) ambient temperature. 


8. A trade size 2 (53) EMT enters the top of a metal wireway, and out the bottom of the 
wireway is atrade size 2 (53) Rigid M etal Conduit connecting to a panelboard. Four 
size 1 AWG copper Type THHN conductors enter the wireway from the EMT and 
pass directly to the Rigid M etal Conduit as shown in Figure 2.43. The minimum per- 
mitted offset distance between the two raceways containing the same conductors is: 


A. not specified in the Code for this application. 
B. 6in. (152 mm). 

C. 8in. (203 mm). 

D. 10 in. (254 mm). 

E. 


12 in. (318 mm). 
Code reference 


\ 


\ 
MINIMUM \ 
DISTANCE? 


. TRADE SIZE 2 EMT 
j (53) 


METAL WIREWAY 


= SIZE 1 AWG 


TRADE SIZE 2 RMC 
(53) 


Figure 2.43 Size 1AWG conductors pass through a metal wireway with a short distance offset. 
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Figure 2.44 Size 3/0 AWG conductors connected to a disconnect make a 90° bend, travel to the top of the panel 
and then exit the wall opposite the disconnect terminals. 


9. Conductors size 3/0 AWG Type THWN copper connected to a disconnect immedi- 
ately make a 90° bend, travel to the top of the panelboard, then make another 90° 
bend and leave through the side of the panelboard as shown in Figure 2.44. The gut- 
ter space at the top of the panelboard is 64/2 in. (165 mm) deep. The installation is 
permitted provided the distance from the disconnect lugs to the side of the panel- 
board is not less than: 

A. 3in.(76 mm). D. 64/2 in. (165 mm). 
B. 4in. (102 mm). E. 8 in. (203 mm). 
C. 6in. (152 mm). 

Code reference 


10. Electrical Nonmetallic Tubing is permitted to be installed: 

A. for exposed work in buildings of any height. 

B. as concealed wiring only if the walls, floors, and ceilings provide a thermal bar- 
rier that has at least a 15-minute finish rating. 

C. as concealed wiring in buildings of any height with no requirement that the 
walls, floors, or ceiling have a fire rating. 

D. as concealed wiring in buildings of not more than three floors unless the walls, 
floors, and ceilings provide a thermal barrier that has at least a 15-minute finish 
rating. 

E. as concealed wiring in buildings of not more than three floors unless the walls, 
floors, and ceilings provide a thermal barrier that has at least a 1-hour finish 
rating. 

Code reference 
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Figure2.45 Size 250 kcmil conductors enter a metal wireway from a trade size 2 (53) EMT and makea 90° bend. 


11. A 140 ft (42.7 m) straight run of trade size 1 (27) PVC Type Rigid Nonmetallic 
Conduit is installed in an unheated parking structure where the temperature through- 
out the year is likely to change up to 120°F (66.7°C). The change in length for this run 
of PVC Conduit over a season will be: 

A. 3.48 in. (88 mm). D. 5.84 in. (148 mm). 
B. 4.87 in. (124 mm). E. 6.82 in. (173 mm). 
C. 5.12 in. (130 mm). 
Codereference 

12. All conductors run within a metallic auxiliary gutter have insulation rated 75°C. All 
splices, taps, and terminations of conductors within the auxiliary gutter or elsewhere 
in the circuits are rated 75°C. A size8 AWG copper Type THWN conductor runs the 
entire length of a metallic auxiliary gutter and at one point along the gutter there are 
a total of 21 current-carrying conductors. The allowable ampacity of the size 8AWG 
copper conductor for this application is: 

A. 22.5 amperes. D. 40 amperes. 
B. 25 amperes. E. 50 amperes. 
C. 35 amperes. 
Codereference 

13. A trade size 2 (53) Electrical Metallic Tubing enters a metal wireway as shown in 
Figure 2.45, containing three Type THWN copper conductors size 250 kcmil. This 
metal wireway is required to have a width from the EMT entry to the opposite side 
of not less than: 

A. 41/2 in. (114 mm). D. 7 in. (178 mm). 
B. 5in. (127 mm). E. Qin. (229 mm). 
C. 54/2 in. (140 mm). 

Code reference 
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(53) 
Figure 2.46 A pull box is installed for the purpose of making angle pulls. 


14. A pull box has a trade size 4 (103) conduit entering one side and trade sizes 2 (53) 
and 3 (78) conduit entering the adjacent side as shown in Figure 2.46 on the next 
page. Three size 4/0 AWG conductors run from the trade size 4 (103) to the trade 
size 3 (78) conduits. Three size 6 AWG and eight size 12 AWG conductors run from 
the trade size 4 (103) to the trade size 2 (53) conduits. The minimum distance per- 
mitted from the trade size 3 (78) conduit to the opposite wall (dimension A) is: 

A. 20in. (521 mm). D. 26 in. (660 mm). 
B. 22 in. (559 mm). E. 30 in. (762 mm). 
C. 24 in. (618 mm). 
Codereference 

15. A 3-phase feeder consists of two parallel sets of Type THHW copper conductors run 
in a single trade size 6 (155) Rigid Metal Conduit. There is a total of six current- 
carrying conductors in the conduit. T he calculated load for the feeder is 560 amperes 
and the feeder conductors are protected with a 700-ampere rated overcurrent device. 
The minimum size conductors permitted for this feeder is: 

A. 400 kcmil. C. 600 kcmil. E. 750 kcmil. 
B. 500 kcmil. D. 700 kcmil. 


Code reference 
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UNIT 3 


Outlets, Lighting, Appliances, 
and Heating 


OB) ECTIVES 


After completion of this unit, the student should be able to: 


determine the location of electrical outlets in a dwelling. 


¢ determine the minimum number of general lighting, small appliance, and laundry cir- 
cuits permitted in a dwelling. 


¢ state the clearance requirements for outside aerial feeders and branch-circuits. 
* determine the minimum size flexible cord required for an application. 

¢ state the installation requirements for lighting outlets in clothes closets. 

¢ state the installation requirements for recessed lighting fixtures. 


determine the minimum size conductor for a storage-type electric water heater. 


¢ determine the maximum number of baseboard electric heaters permitted to be installed 
on a 15- or 20-ampere branch-circuit. 


state if it is permitted to power a room air conditioner from an existing general light- 
ing branch-circuit of a dwelling. 


* state the cable type required to be installed for a push button of a door chime. 


* answer wiring installation questions relating to Articles 210, 220, Parts! and II, 225, 
396, 398, 400, 402, 404, 406, 410, 411, 422, 424, 426, 720, and 725. 


state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 210, 220, Parts! and II, 225, 396, 398, 400, 402, 404, 406, 410, 411, 422, 424, 
426, 720, or 725. 


CODE DISCUSSION 


The emphasis of this unit is on circuits and installation of outlets, appliances, and equipment. M ethods 
are covered for determining the minimum number of general illumination, receptacle, and other circuits 
required for various types of buildings. Outside feeders and branch-circuit installations are also covered. 
Special circuits such as low-voltage, power-limited-control, and signaling circuit installation are covered in 
this unit. 

Article 210, Part | contains specifications about branch-circuits such as circuit ratings (210.3) and 
voltage limitations for different types of occupancies and types of loads to be served (210.6). For example, 
in a dwelling, the maximum permitted voltage between conductors for luminaires (lighting fixtures) and 
general-use receptacles is 120 volts nominal. M ultiwire branch-circuits are discussed in 210.4. A multiwire 
branch-circuit is actually two or more circuits that share a common neutral conductor. In the case of a 
single-phase, 120/240-volt system, three wires are used to supply two circuits with a common shared neutral 
and 240 volts between the ungrounded conductors. In the case of a 3-phase 208/120-volt system, three 
circuits can be supplied with only four conductors. Generally it is assumed that when the loads on the 
multiwire circuits are the same and all are operating at the same time, the current on the common neutral 
conductor will be zero or nearly zero. This is not necessarily the case with a multiwire circuit derived from 
a 3-phase wye electrical system. Sometimes a multiwire branch-circuit will supply multiple devices on the 
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same yoke or strap. A common example is a duplex receptacle where the tab between the ungrounded screw 
terminal for the two receptacles is removed. Each of the receptacles on the same strap is supplied from a 
separate circuit and uses a common neutral. See the definition of a multiwire branch-circuit in Article 100. 
It is required by 210.4(B) that multiwire branch-circuits originate from an overcurrent device that will 
de-energize all circuits at the same time. This can be accomplished using a 2-pole or 3-pole circuit breaker 
or single-pole circuit breaker with a handle tie. 

Ground-fault circuit-interrupter requirements for receptacles are covered in 210.8. There are several 
general requirements that apply to any type of facility. All 15- and 20-ampere, 125-volt receptacles in bath- 
rooms, kitchens, within 6 ft (1.8 m) of a sink, outdoor locations and on rooftops of any type of facility are 
required to be GFCI protected. This can be accomplished with a ground-fault detecting receptacle, or a ground- 
fault detecting circuit breaker. Both the ungrounded conductor and the neutral pass through a current-sensing 
coil. If the current measured in those two wires is different by more than 0.006 amperes (6 milliamperes), the 
interrupter will trip. This means the current is finding a return path other than the neutral wire, which possibly 
could be a person. The dwelling GFCI requirements for protection of 125-volt, 15- and 20-ampere receptacles 
are summarized below: 


* Receptacles serving kitchen countertop surfaces 

¢ Bathroom receptacles 

* Outside receptacles (see exception for snow-melting equipment) 

* Crawlspace receptacles 

* Garage receptacles 

* Receptacles in accessory buildings at or below grade used for storage or work areas (See Figure 3.1) 
* Receptacles in unfinished basement or unfinished portion of a basement (See exception for fire alarm) 
* Receptacles serving countertop and within 6 ft (1.8 m) of a wet bar, laundry, or utility sink 

* Receptacles in a boat house or for a boat hoist 


The minimum number of branch-circuits required for a building are specified in 210.11. Calculating the 
minimum number of branch-circuits is covered later under Sample Calculation. Four 20-ampere branch- 
circuits are required as a minimum in a dwelling. Two 20-ampere branch-circuits are required to supply the 
receptacles in the kitchen, dining room, and similar rooms. One 20-ampere branch-circuit is required to sup- 
ply laundry equipment such as an electric washer and possibly a gas dryer. A nother 20-ampere branch-circuit 
is required to supply the receptacle outlets in the bathroom or bathrooms of the dwelling. The minimum 


| NEC ® 210.8(A)(2) 


FINISHED OR UNFINISHED, 
AT OR BELOW GRADE 


a 


DWELLING \ 


ALL RECEPTACLES SHALL 

BE GROUND-FAULT —————> 
CIRCUIT-INTERRUPTER 
PROTECTED 


ae 

\ 7 ACCESSORY BUILDING USED 
FOR STORAGE OR ASA 
WORK AREA 


Figure 3.1 Receptacles in accessory buildings of dwellings, whether finished or unfinished, at or below grade, if 
used for storage or as work areas, are required to be GFCI protected for personnel. 
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number of remaining general purpose 15- and 20-ampere circuits is calculated according to the method of 
210.11(A) and 220.12. 

Arcing faults can occur particularly when Nonmetallic-Sheathed C able run concealed in walls, floors, 
and ceilings is damaged such as being penetrated by a nail or screw. In this case, current flows intermittent- 
ly between conductors, or between a circuit conductor and the equipment grounding conductor or some other 
grounded structural member. This is known as a parallel arcing fault. An example of a series-arcing fault is 
when a loose connection occurs in either the ungrounded- or grounded-circuit conductor such as a loose 
screw at a switch or receptacle. Overcurrent devices such as circuit breakers and fuses require a specified 
amount of energy to open depending upon their rating. An arcing fault can create enough heat at the fault 
location to start a fire without drawing enough energy at the overcurrent device to cause it to open the circuit. 
It has been reported that dwelling fires caused by arcing faults have become prevalent enough to justify 
action to be taken to require a device on dwelling circuits that can detect an arcing fault in a circuit and 
disconnect power to the circuit. The device that is capable of detecting an arcing condition in a circuit is 
called an Arc-Fault Circuit-Interrupter (AFCI) and is defined in 210.12(A). The purpose of an AFCI is to 
detect a potentially fire-producing arcing condition anywhere in the circuit wiring of the dwelling or in 
equipment attached to the circuit such as a damaged cord to a floor lamp. An Arc-Fault Circuit-I nterrupter is 
required to be installed in the circuit-panel in place of the circuit breaker, or away from the circuit panel 
under certain conditions. There is more discussion of circuit-arcing conditions in Unit 6, and there is a 
diagram of an AFCI that replaces a normal circuit breaker in Figure 6.6. 

Arc-Fault Circuit-Interrupters (A FCI) are required by 210.12(B) for the protection of all branch-circuits 
that supply 120-volt, 15- and 20-ampere outlets in dwelling bedrooms, living room, dining room, sitting 
room, family room, den, library, recreation room, closets, and hallways. The definition of dwelling unit is in 
Article 100 and includes one-family, two-family, and multifamily living units. M obile homes and manufac- 
tured homes that also meet this definition are included. 

Arc-Fault Circuit-Interrupters (A FCI) are intended to be installed in a circuit panel to protect the entire 
circuit. There are two types of AFCls available, the branch/feeder type and the combination type. The com- 
bination type is a relatively new development that is better at detecting series arcing conditions than the older 
branch/feeder type. The Code now requires the combination type to be used on all new circuit installations 
where an AFCI is required. Arc-Fault Circuit-Interrupters are also available as a receptacle device that pro- 
tects any appliance or equipment plugged into the receptacle as well as any part of the down-line circuit. 

Arc-Fault Circuit-I nterrupters are intended for protection of the entire circuit, including the wiring and 
equipment supplied by the circuit. It has been determined that wiring run in Rigid M etal Conduit (RM C), 
Intermediate M etal Conduit (IMC), Electrical Metallic Tubing (EMT), and steel Type AC cable listed as 
meeting the grounding requirements of 250.118 is not easily damaged after installation, and if so, any arcing 
that may occur does not pose a fire hazard. As a result, an exception is permitted for installing the AFCI at 
the service panel. If the wiring is run with RMC, IMC, EMT, or approved Type AC cable, and the box 
supplied is metal, the AFCI is permitted to be installed at the first outlet of the circuit. An AFCI receptacle 
looks similar to a GFCI receptacle. 

Article 210, Part!! covers the ratings of branch-circuits, including those in dwellings. NEC ® 210.19(A) 
states that the branch-circuit conductors shall have an ampacity of not less than the maximum load to be 
served. The rating of a branch-circuit is the rating of the overcurrent device protecting the circuit. The actual 
rating of any one branch-circuit is determined by the method in 210.20(A). The overcurrent device protect- 
ing a circuit is required to have a rating not less than 1.25 times any continuous load served plus 1.0 times 
any noncontinuous load served. 

The minimum circuit rating of 40 amperes for a dwelling electric range is given in 210.19(A)(3). 
The neutral conductor of the range circuit is permitted to be of a smaller size than the ungrounded conduc- 
tors, but it is not permitted to have an ampacity less than 70% of the branch-circuit rating, and it shall be no 
smaller than size 10 AWG copper (210.19(A)(3) Exception 2). 

A tap is a conductor that connects to a branch-circuit or feeder conductor to serve a specific load. The tap 
conductor shall be of sufficient ampacity to supply the load. The tap conductor is permitted to be smaller than 
the branch-circuit or feeder conductor, but the Code sets a minimum size based on the rating of the branch-circuit 
or feeder. A dditional discussion of taps is in Units 6, 7, and 8. Exception 1 to 210.19(A)(3) permits a tap with 
sufficient ampacity to serve the load but not less than 20 amperes for an electric wall-mounted oven or counter- 
mounted cooking unit in a dwelling when the circuit is protected at not more than 50 amperes. This is illustrated 
in Figure 3.2. There is another tap rule in this article. NEC® 210.19(A)(4) Exception 1 permits taps to branch- 
circuits provided the tap conductor is to individual lampholders or luminaires (lighting fixtures) and is not more 
than 18 in. (450 mm) in length. For a branch-circuit rated up to 30 amperes, the tap shall have an ampere rating 
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COPPER COUNTER-MOUNTED 
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Figure3.2 Tapsin a dwelling range circuit shall have sufficient ampacity for the load, and shall not be less than 
20 amperes. 


sufficient for the load, and not less than 15 amperes. For a branch-circuit rated up to 50 amperes, the tap shall 
have an ampere rating sufficient for the load, and not less than 20 amperes. 

FPN 4 to 210.19(A) recommends a maximum of 3% voltage drop be permitted on branch-circuits. 
There is a complete discussion of voltage drop in Unit 6 with examples to show how to size a conductor to 
maintain voltage drop within the desired level. NEC® 210.21(B)(1) states that when a single receptacle is 
installed on a branch-circuit, the receptacle is not permitted to have a rating less than that of the branch- 
circuit rating. A single receptacle is defined in Article 100. It has provisions for the connection of only one 
cord-connected device. A duplex receptacle outlet is considered two receptacles. Therefore, if a single recep- 
tacle on a yoke is installed on a 20-ampere circuit, the minimum receptacle rating permitted is 20 amperes. 
If a duplex receptacle outlet is installed on a 20-ampere branch-circuit, the receptacle rating is permitted to 
be either 15 or 20 amperes. NEC ® 210.23 covers the permissible loads on branch-circuits of various ratings. 
For example, 210.23(A) permits 15- and 20-ampere branch-circuits to supply typical residential and com- 
mercial lighting outlets. It is necessary to read the remainder of this section to determine the restrictions on 
the type of outlets and equipment permitted to be supplied from branch-circuits of various ratings. 

The minimum requirements for providing outlets for lighting and receptacles are given in Article 210, 
Part Ill. The maximum permitted spacing of receptacle outlets in dwellings is given in 210.52.A receptacle 
outlet shall be installed in listed rooms of a dwelling such that any point measured along the wall is not 
greater than 6 ft (1.8 m) from the outlet. Wall spaces 2 ft (600 mm) wide or wider shall have a receptacle 
outlet. These rules are illustrated in Figure 3.3. A minimum of two 125-volt, 20-ampere small appliance 
branch-circuits are required in a dwelling to serve the kitchen, dining room and similar rooms, 210.11(C)(1). 
N ot fewer than two small-appliance branch-circuits are required to supply the receptacles serving the kitchen 
counters, 210.52(B)(3). All of the receptacles in the kitchen, dining room, and similar rooms are required to 
be supplied by small-appliance branch-circuits. It is permitted to have a wall switch-controlled receptacle in 
the dining room, but not the kitchen, for the purpose of supplying lighting served by a general-purpose 
branch-circuit, 210.70(A)(1) Exception 1. Generally, the small appliance branch-circuits are only permitted 
to serve the receptacles in the kitchen, dining room, and similar rooms, 210.52(B)(2). The refrigerator is 
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Figure 3.3 Required maximum spacing of receptacle outlets in a dwelling. 
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NEC ® 210.52(C)(1) 
DWELLING KITCHEN COUNTER WITH NO CABINETS 
ABOVE OR PENINSULAR COUNTER 


es ee: a 
MAXIMUM ———L/ 


24 IN. (600 MM) MAXIMUM 
24 IN. (600 MM) 


FLAT 
PENINSULAR —-+> MAXIMUM 48 IN. (1.2 M) 


COUNTER 
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BELOW COUNTERTOP IF 20 IN. (500 MM) ABOVE 
NO PLACE TO MOUNT , 

ABOVE 


Figure 3.4 When a dwelling kitchen countertop is flat with no raised portions, and there is no other practical 
means to mount the receptacles within 18 in. (450 mm) above the surface, the receptacles are then permitted to 
be mounted no less than 12 in. (300 mm) below the countertop surface. 


permitted to be supplied by a small-appliance branch-circuit, however, it is permitted to provide a dedicated 
15-ampere rated branch-circuit for the refrigerator, 210.52(B)(1) Exception 2. Receptacle outlets of the small 
appliance branch-circuits serving kitchen counters along a wall are required to be spaced such that no point 
along the wall line is more than 24 in. (600 mm) from a receptacle outlet, 210.52(C)(1). This is illustrated in 
Figure 3.4. A receptacle outlet is required to serve a peninsular counter that extends out into the room a dis- 
tance from the connecting edge of at least 12 in. (300 mm) if at least 24 in. wide (600 mm), or a distance of 
24 in. (600 mm) if less than 24 in. (600 mm) wide as shown in Figure 3.5. A receptacle is not required to be 
installed on a wall behind a range or sink unless the sink is set out from the wall more than 12 in. (300 mm) 
or out from a corner more than 18 in. (450 mm). 


NEC ® 210.52(C)(3) ONE RECEPTACLE OUTLET REQUIRED 
TO SERVE PENINSULAR COUNTERS 24 IN. (600 MM) 


BY 12 IN. (300 MM) OR LARGER 


vi 


12 IN. (300 MM) 24 IN. 
OR MORE 600 MM) 

. OR MORE 

Ns / 
24 IN. (600 MM) LESS THAN 

OR MORE 24 IN. (600 MM) 
AND 12 IN. (300 MM) 
OR MORE 


Figure 3.5 One receptacle outlet is required to serve a peninsular counter with minimum dimensions of 12 in. 
(300 mm) by 24 in. (600 mm) or greater. 
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NEC ® 210.52(G) ISOLATED UNFINISHED BASEMENT 
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Figure3.6 Unfinished areas of a basement in a dwelling that are isolated from each other by a finished area are 
each required to have a receptacle outlet. 


At least one receptacle is required to be installed at the front and one at the back of a one-family 
dwelling or at each unit of a two-family dwelling. It is stated in 210.52(E) that this receptacle is to be acces- 
sible at grade level and not more than 672 ft (2 m) above grade level. When there is a deck attached to the 
dwelling, sometimes a receptacle installed to serve the deck is not considered to be accessible to grade level. 
In some areas, another receptacle accessible at grade level may be required to be installed. A similar prob- 
lem can arise with respect to a receptacle available for service of a central air-conditioning unit. In 210.63, 
a receptacle on a 125-volt, single-phase, 15- or 20-ampere circuit is required to be located not more than 
25 ft (7.5 m) from an air-conditioning unit. In the case of an air-conditioning unit located on the outside of 
a dwelling, this is another consideration when placing the required outside receptacle. 

Itis not uncommon for a dwelling basement to have unfinished portions separated by finished portions. 
It is made clear in 210.52(G) that a receptacle is required to be installed in each unfinished portion of a 
dwelling basement if the unfinished portions are not adjoining such as shown in Figure 3.6. 

NEC® 210.70(A) requires that every habitable room of a dwelling, including other listed areas, shall have 
a lighting outlet that is wall switch-controlled. A switched receptacle outlet may be used in place of an actual 
luminaire (lighting fixture) in some rooms, as shown in Figure 3.7. A lighting outlet is also required to be 
installed in hallways, stairways, attached garages, and detached garages with power. In the case of interior 
stairways, a switch controlling the lighting is required at each level when there are six steps or more. At least 
one lighting outlet containing a switch, or that is wall switch-controlled, is required for attics, underfloor 
spaces, basements, and utility rooms used for storage or containing equipment requiring servicing. The switch 
is required at the normal point of entry to the space, and the lighting outlet is required to be located at any 
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Figure 3.7 Wall switch-controlled lighting is required in every habitable room of a dwelling. 
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equipment requiring servicing. A utomatic control of lighting is permitted for hallways, stairways, and outdoor 
entrances. 

Article 220, Parts! and II provides requirements for the determination of the number of outlets of var- 
ious types permitted on a branch-circuit. NEC ® 220.12 provides important information for the determination 
of the number of branch-circuits required for receptacles and general lighting in buildings. Table 220.12 
gives the minimum unit load in VA/ft? or VA/m? of building area considered in determining the minimum 
number of branch-circuits for lighting and for determining the minimum lighting load for feeder calculation 
purposes. If the actual lighting load is known to be of a greater value, that load shall be considered the gen- 
eral lighting load. 

NEC®220.14(J ) permits the general use receptacles in a dwelling to be included in the general illumi- 
nation calculation. Small appliance receptacle loads and laundry receptacle load are specified elsewhere in 
the Code and are not a part of this general illumination load calculation. T his means that the 3 volt-amperes 
per square ft (33 VA /m?) from Table 220.12 is used for a dwelling to determine the minimum number of gen- 
eral illumination branch-circuits that will supply the receptacle outlets and lighting fixtures. The significance 
of this is that the 180-volt-amperes requirement of 220.14(J ) does not apply to dwelling general-use recep- 
tacles. The number of outlets permitted on a circuit depends upon the loads to be served, and according to 
220.18, the total load is not permitted to exceed the rating of the circuit. In the case of general illumination 
in a dwelling, the load is determined based on the method described in 220.12, which is the area of the 
dwelling times 3 volt-amperes per square ft (33 VA/m*). This is converted into the number of circuits accord- 
ing to the method of 210.11(A) where the total load in volt-amperes is divided by 120 volts and then divided 
into 15- or 20-ampere circuits. 

Article 225 gives the requirements for the installation of branch-circuit and feeder conductors outside. 
Minimum size of conductors for overhead spans, protection of conductors, and overhead conductor clear- 
ances is specified in this article. Clearances above ground of aerial conductors are covered in 225.18. Similar 
requirements for service conductors are covered in 230.24. The conductor clearance over areas accessible 
only to pedestrians is a minimum of 10 ft (3.0 m). For a residential driveway and other driveways not 
subject to truck traffic, the minimum clearance is 12 ft (3.7 m), provided the conductors do not exceed 
300 volts-to-ground. This clearance is increased to 15 ft (4.5 m) for conductors operating at more than 
300 volts-to-ground. An 18-ft minimum conductor clearance is required when the driveway or road is sub- 
ject to truck traffic. Branch-circuit and feeder conductor clearances above roofs are covered in 225.19. 
The minimum overhead conductor clearances for roofs accessible to only pedestrians are summarized in 
Figure 3.8, and covered in Exception 1 to 225.19. 

Part Il of Article 225 gives the rules for supplying power from a building or structure on the prop- 
erty to another building or structure on the same property. NEC ® 250.32 deals with the neutral conductor 
and equipment grounding when supplying power to another building or structure on the same property. 
These rules deal with the disconnecting means for power to a building supplied by feeders or in some 
cases branch-circuits. In the case where qualified personnel are on duty at all times to facilitate safe 
disconnecting procedures, it is permitted for the disconnecting means to be located at a remote location 
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Figure 3.8 Minimum overhead conductor clearances for roofs accessible only to pedestrians. 
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on the property, 225.32 Exception 1. The disconnecting means in general is located either inside or out- 
side the building, 225.32. Whether located inside or outside the disconnect is required to be at the closest 
practical location to the point where the conductors enter the building. Up to six disconnecting means are 
permitted as covered in 225.33. These rules are summarized in Figure 3.9. The disconnecting means is 
required to be rated as suitable for use as service equipment. 

Article 396 deals with M essenger-Supported Wiring, such as aerial triplex or quadruplex cable where 
a bare conductor supports the insulated conductors. It is permitted to field construct a support messenger and 
suitably attach the conductors to the messenger. There are no minimum conductor size requirements for 
overhead spans using M essenger-Supported Wiring. The ampacity of messenger-supported conductors is to 
be determined using the methods of 310.15, which basically means the ampacity is determined in most cases 
using Table 310.16 or Table 310.20. 

Article 398 covers the situation in which conductors are run within a building or on the outside of a 
building where the individual conductors are supported by open wires on insulating devices. The wiring cov- 
ered by this article is required to be exposed except where passing through a wall or floor. Open Wiring on 
Insulators is not permitted to be concealed except where passing through structural barriers such as walls. 
This wiring method is only permitted for industrial or agricultural installations. 

Article 400 provides information and requirements on the use of flexible cords and cables. Table 400.4 
gives information about the various types of cords and cables and states the uses permitted. Table 400.5 gives 
the allowable ampacity and ampacity derating factors applicable when more than three current-carrying con- 
ductors are in the cable of flexible cord. Refer to Unit 2 for examples of how to determine the minimum size 
wire permitted when more than three current-carrying conductors are in flexible cord or cable. M arkings on 
the flexible cord or cable with uses permitted and installation requirements are covered in this article. 
Temperature adjustment factors are also required to be applied to flexible-cord ampacity when the cord will 
be used in an area where the ambient temperature is above 30°C (86°F). Maximum temperature ratings are 
printed on some flexible cords. The temperature rating is likely different depending upon whether the cord 
is to be used in a dry or wet location. Temperature correction factors for flexible cords, as stated in 400.5, 
are found at the bottom of Table 310.16. 
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Figure 3.9 When one building is supplied power from another building or structure on the same property, the 
requirements for the disconnecting means for the building are generally the same as for installing a service in 
the building. 
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Article 402 lists the markings on fixture wires, the types available and their uses, and general installa- 
tion requirements. Table 402.5 gives the permitted ampacity of the fixture wires of sizes 18 to LOAWG. 

Article 404 covers the installation, rating, and use of switches of various types, including knife switches 
and circuit breakers used as switches. All switches and circuit breakers used as switches are not permitted to 
be installed such that the center of the handle is more than 6 ft 7 in. (2 m) above the floor when in the “on” 
position, as stated in 404.8(A). NEC® 240.83(D) specifies that when a circuit breaker is used as a switch for 
120- and 277-volt fluorescent lighting, the circuit breaker shall be marked “SW D” or “HID.” A circuit breaker 
used as a switch for high-intensity discharge lighting is required to be marked “HID.” The “SWD” marking 
may be on the side of the circuit breaker, or it may be on the small label next to the circuit-conductor termi- 
nal screw. If a circuit breaker is approved for use as a switch for high-intensity discharge lighting, the “HID” 
label is usually on the side of the circuit breaker. 

Article 406 covers the ratings, types, and installation of receptacles, cord connectors, and attachment 
plugs. NEC® 406.2(C) deals with the situation in which aluminum conductors are attached directly to a 
receptacle outlet. The receptacle outlet is required to be marked CO/ALR if it is suitable for use with alu- 
minum terminations. Do not confuse this marking with the usual marking of cu/al, which is frequently used 
for other types of terminations suitable for both copper and aluminum conductors. NEC® 406.2(D) covers 
receptacles with the equipment grounding terminal isolated from the yoke. Other rules on installation of iso- 
lated ground receptacles are found in 250.96(B) and 250.146(D ). These receptacle types are permitted to sup- 
ply electronic equipment where electrical noise may be a problem. These receptacles are identified by an 
orange triangle. Permitted means of identification of receptacles with isolated grounds are illustrated in 
Figure 3.10. W hen receptacles are installed outside exposed to weather, or in damp locations, a cover must be 
installed that will guard against the entrance of water under the typical operating conditions. NEC ® 406.8 spec- 
ifies the means of protecting receptacles from the entrance of water by using a weather-proof enclosure. Any 
15- or 20-ampere, 125- or 250-volt receptacle in a wet location is required to be provided with a cover that will 
prevent the entrance of water with or without the plug inserted into the receptacle as shown in Figure 3.11. 

There is an additional requirement that receptacles installed outside either in damp or wet locations are 
required to be listed as weather-resistant. This is a new type of receptacle that is resistant to the entrance of 
water if the actual receptacle becomes exposed to the weather, such as when a weather-proof cover is damaged 
NEC® 406.10 specifies the different means of grounding a receptacle. The main rule requires a bonding jumper 
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Figure 3.10 Receptacles installed on a circuit with the equipment grounding terminals isolated from the other 
circuit equipment grounds, as permitted in NEC® 250.146(D), shall be identified with an orange triangle on the 
face of the receptacle. 
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OUTSIDE WET LOCATION 
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Figure 3.11 Receptacles rated 15- or 20-amperes, 125 volts installed in wet locations are required to have cov- 
ers that are weatherproof regardless of the intended use of the receptacle. 


to be connected between the receptacle grounding terminal and a grounded metal box or equipment grounding 
wire if anonmetallic box is used. A Iternatives are direct metal-to-metal contact between a metal receptacle yoke 
and a metal box when the box is surface mounted. Fastening to a raised cover is not considered to be an accept- 
able means of grounding the receptacle unless the raised cover is listed for grounding. In the case of a flush- 
mounted metal box, a self-grounding receptacle with a contact device on the mounting screw to maintain elec- 
trical contact between the mounting screw and the receptacle yoke is considered an acceptable means of 
grounding the receptacle. 

Receptacles installed in dwellings are required to be of a tamper-resistant type according to 406.11. 
There are receptacle covers that are listed as temper-resistant, but the tamper-resistant receptacles are different. 
The openings to the receptacle are closed when no plug is inserted. Pushing a pointed object into one of the 
slots will not open the slot. It is necessary to insert an actual plug in order for the slots to open and allow 
insertion of the plug. These tamper-resistant receptacles are required when receptacles are installed on 125 volt, 
15- and 20-ampere circuits in a dwelling. 

Article 410 gives requirements on the installation, location, grounding, support, and wiring of lumi- 
naires (lighting fixtures) and associated auxiliary equipment. NEC ® 410.2 gives a definition of storage space 
in clothes closets. This is important because a luminaire (lighting fixture) is required to be installed such 
that a minimum clearance is maintained between the luminaire (lighting fixture) and the storage space. 
Figure 410.2 gives the dimensions of the storage space in a clothes closet. NEC® 410.16(B) states that 
incandescent luminaires (lighting fixtures) with exposed or partially-exposed lamps are not permitted to be 
installed in a clothes closet. This means porcelain lamp receptacles with bare lamps are not permitted to be 
installed in clothes closets. 

Fire is a danger if excessive heat is produced by improper installation or use of luminaires (lighting 
fixtures). Incandescent luminaires (fixtures) require a higher wattage to obtain the same amount of light as 
electric discharge luminaires (fixtures). Therefore, the heat produced by incandescent lamps is usually 
greater than for electric discharge luminaires (fixtures). Electric discharge luminaires (fixtures) usually have 
a ballast that is a source of heat in addition to the lamp. Ballasts for most fluorescent luminaires (fixtures) 
are required by 410.130(E) to be thermally protected, and ballasts for recessed high-intensity discharge |umi- 
naires (fixtures) are required by 410.130(F ) to be thermally protected or inherently protected. 

Recessed luminaires (lighting fixtures), if not installed properly, can create a fire hazard. Part X| of 
Article 410 provides installation requirements for recessed luminaires (fixtures). For most applications, 
recessed incandescent luminaires (fixtures) are required to be thermally protected. Overheating of the 
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luminaires (fixtures) will interrupt electrical power to the lamps. The lamps generally will light again when 
the luminaire (fixture) cools. 

Article 411 provides specifications for lighting systems that operate at 30 volts or less. One example 
of such a system is low-voltage landscape lighting for gardens, walkways, decks, patios, and other building 
accent illumination. Lighting systems are required to be listed for the purpose. The low-voltage secondary 
circuit is required to be insulated from the supply branch-circuit by an isolating transformer. Each second- 
ary lighting circuit is not permitted to operate at more than 25 amperes. The lighting system isolating trans- 
former is not permitted to be supplied from a branch-circuit with a rating more than 20 amperes. 

Article 422 provides information and requirements for electrical appliances in any type of occupancy. 
Branch-circuit requirements, control of appliances, and disconnects are covered. Storage-type electric water 
heater wiring is covered in 422.13. When the capacity of the electric storage-type water heater is not more than 
120 gallons (450 L), the branch-circuit conductor shall be sized at not less than 1.25 times the nameplate rating 
of the water heater. If the water heater rating is given in watts, then a calculation must be done to determine the 
ampere rating of the water heater. An electric water heater with a rating of 3500 watts at 240 volts will have an 
ampere rating of 14.6 amperes. This is determined by dividing 3500 watts by 240 volts. The minimum branch- 
circuit conductor rating permitted is 1.25 times the 14.6 amperes or 18.3 amperes. The minimum circuit 
conductor size would be 12 AWG copper protected with a 20-ampere overcurrent device. 

Article 424 on fixed electric space-heating equipment is covered including space heating cables. 
Branch-circuit requirements, control, disconnection, grounding, location, and wiring are covered. The first 
part of the article gives general wiring requirements, while the later parts of the article relate to specific types 
of electric heating equipment or installations. 

An individual branch-circuit is permitted to supply any size space-heating load, although within an 
electric heating unit, the resistance loads may be subdivided. NEC*® 424.22(B) only permits an individual 
resistance heating element to draw up to 48 amperes and be protected at not more than 60 amperes. If a heat- 
ing branch-circuit supplies two or more fixed heating units, the branch-circuit is not permitted to have a rating 
of more than 30 amperes, according to 424.3(A). The overcurrent device protecting an electric heating circuit, 
as well as the conductors, is not permitted to be less than 1.25 times the load to be served. The heating units 
are most likely rated in watts, therefore, the wattage must be divided by the circuit operating voltage to deter- 
mine the full-load current of the circuit. If a room has two 1500-watt, 240-volt resistance baseboard heating 
units, the total load served will be 12.5 amperes (3000 W / 240 V =12.5 A). The overcurrent device and the 
conductor are required to have a rating not less than 15.6 amperes (12.5 < 1.25 = 15.6 A). The overcurrent 
device will be rated 20 amperes, and the conductor will be size 12 AWG copper. 

Disconnecting means for electric heating equipment is covered in Part III of Article 424. Of particu- 
lar importance is 424.20, which specifies the conditions that must be met in order for a thermostat to serve 
as the disconnecting means for an electric heating unit. All ungrounded conductors must be opened, the 
thermostat must have a marked off position, and a change of temperature is not capable of energizing the 
circuit conductors. 

Article 426 deals with the installation and use of outdoor electric de-icing and snow-melting equipment, 
such as heating cable embedded in concrete. Definitions of different methods of using electricity for the 
production of heat are covered in 426.2. The minimum size of conductor permitted for branch-circuits for 
electric outdoor snow-melting and de-icing equipment is covered in 426.4 and shall be not less than 1.25 times 
the total load on the circuit. 

Outdoor snow-melting and de-icing equipment is required by 426.28 to be provided with equipment 
ground-fault protection. This protection is required for the equipment, not the circuit, and the purpose is fire 
prevention not personnel protection. Ground-fault equipment protection (GFPE) is permitted to be provided 
as an integral part of the equipment, or it can be provided as part of a GFPE circuit breaker. These devices 
commonly are rated to detect leakage current of 30 milliamperes or 50 milliamperes. The range over which 
they are intended to protect is between 6 and 50 milliamperes. 

Article 720 deals with electrical circuit installation, either alternating current or direct current, that 
operates at less than 50 volts. Minimum wire size and receptacle rating are covered. Some installation types 
are listed that are covered elsewhere in the Code. It is important to note that even though the voltage is low, 
it is electrical current flow that causes heating and can result in fire. There are specific requirements for 
installations operating at less than 50 volts in other articles. 

Article 725 covers the installation of remote-control, signaling, and power-limited circuits that are not an 
integral part of a device or appliance. These circuit types are divided into Class 1, Class 2, and Class 3 circuits. 
Line voltage control circuits for motors and other equipment are Class 1 circuits. Thermostat circuits operating 
at 24 volts for furnace control, and door chime and similar circuits are considered Class 2 because they have 
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NEC ® 725.25 
ACCESSIBLE PORTION OF 


DBANEONED ELRSoe ABANDONED CABLE MUST BE 


OR CLASS 3 CABLE 


REMOVED 
1 aL / \ alc ! 
SUSPENDED CEILING NEC ® 725,24 \ 
CLASS 2 OR CLASS 3 
CABLE SUPPORTED 


TO BUILDING STRUCTURE 


Figure 3.12 Class 2 and Class 3 cables are required to be supported by the structure of the building and all 
accessible portions of abandoned cable are required to be removed. 


supply transformers limiting the maximum current that can flow if the wires become shorted. Wiring methods 
for Class 1 circuits are covered in 725.46. The wiring methods of Chapter 3 of the Code shall be permitted. If 
the conductors are of sizes 18 and 16 AWG, the insulation type is specified in 725.49. Wiring methods and 
materials for Class 2 and Class 3 wiring are specified in 725.130. 

Class 2, Class 3, and PLTC cables are defined as abandoned in 725.2 if not being terminated at equip- 
ment or tagged for future use. Accessible portions of abandoned Class 2, Class 3, and PLTC cables as stat- 
ed in 725.25, are required to be removed. Cables that are installed exposed, as stated in 725.24, are required 
to be supported by the structure of the building in such a manner that they will not be damaged in normal 
use of the area in which they are installed. W hen installed through building materials such as bored holes in 
wood framing members, the same rules in 300.4(D) must be followed as normal power circuit cables. When 
installed above a suspended ceiling, the rules of 300.11 must be followed, and cables are required to be sup- 
ported by the structure of the building in some manner such as shown in Figure 3.12, or supported by tie 
wires installed specifically for the purpose of electrical wiring. Cables are not permitted to be installed above 
a suspended ceiling in such a manner that access to the space above is prevented by the installation of the 
cables according to 725.21. Installation of Class 2 and Class 3 cables is covered in 725.139 through 725.143. 
In 725.143 itis stated that Class 2 and Class 3 cables are not permitted to be attached to the exterior of con- 
duits and raceways. 


SAMPLE CALCULATIONS 


Information found in Articles 210 and 220 of the Code is used to determine the minimum number of 
circuits required in a dwelling or other building. The following are examples of how these calculations are 
used to determine the number of circuits required. The same information is used to determine the maximum 
number of outlets permitted on a particular circuit. An important issue is whether the loads are considered 
continuous loads. In many situations, it is a matter of judgment as to the use of the loads on a circuit. In the 
case of receptacles outlets, it would depend on the particular application. If the load is considered to be con- 
tinuous, then the overcurrent device protecting the circuit is not permitted to be loaded to more than 80% of 
its rating. The exception is when the overcurrent device and the enclosure into which it is installed are rated 
for operation at 100%, 210.19(A)(1). 


Circuit and Outlet Requirements 


The minimum number of circuits for general illumination is based on the actual load when the load 
is known; however, the minimum permitted demand load for general illumination is specified in Code 
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Table 220.12. The demand load for receptacle outlets shall be considered a load of 180 volt-amperes (VA ) 
per strap or yoke at an outlet. In the case of a dwelling, the receptacle outlets are considered loads for 
general illumination, and the load is determined based on the 3 volt-amperes per square ft (33 VA/m’) from 
Table 220.12 and not from the 180-volt-amperes per outlet as stated in 220.14(1). This information on 
loads has three basic purposes: (1) it is used to determine the minimum number of branch-circuits in a 
building or an area of a building; (2) itis used to determine the minimum number of outlets on a particu- 
lar branch-circuit; and (3) it is used to determine the demand load of a building or an area of a building 
for the purpose of sizing a feeder or electrical service or distribution panel. This latter function of feeders 
and panels will be the subject of Unit 4. 

The minimum number of circuits for general illumination for a dwelling, which includes receptacle 
outlets and lighting outlets, is determined by multiplying the area of the building by the unit load found in 
Table 220.12. This process is described in 210.11(A) and 220.12. Once the total general illumination load in 
volt-amperes is determined, divide by 120 volts to get the current. A ssuming the circuits are made up of fixed 
luminaires (lighting fixtures) and receptacle outlets, the minimum number of circuits can be determined by 
dividing the general illumination current by the rating of the circuits. If this number of circuits is not 
adequate to supply the specific load, then the number of circuits must be increased. That decision cannot be 
made without some knowledge of the loads to be served. The following example shows how to determine 
the minimum number of circuits required in a dwelling for general illumination. 


Example 3.1 A dwelling has 2100 square ft (195 m/) of living area. The area does not include the 
unfinished basement. Determine the minimum number of general illumination branch-circuits required 
in this dwelling assuming circuits rated 15 amperes. 


Answer: First look up the minimum unit load for dwelling general illumination in Table 220.12 and 
find 3 VA /ft? (33 VA/m?). Next multiply this unit load by the living area of the dwelling to get 6300 VA 
(6435 VA based on metric calculation). Four 15-ampere rated general illumination circuits are required 
for this dwelling. 


2100 f? x 3 VA/ft? = 6300 VA 195 m? X 33 VA/m? = 6435 VA 
ae. ie 53 amperes SYA. 2 54 amperes 
120 V 120 V 
Remy aan = 3.5 circuits ome! = 3.6 circuits 
15 A/circuit 15 A/circuit 


There is seldom justification to consider dwelling loads for general illumination to be continuous 
loads. There are both lighting loads and receptacle outlets on the circuits, and generally this type of load 
combination will not apply a heavy load to the circuit on a continuous basis. 

Buildings other than dwellings have the general illumination load generally limited to fixed lighting. 
If the actual ampere rating of the luminaires (lighting fixtures) is known, then this load is required to be used 
if it is greater than the load determined using the unit load required from Table 220.12. The following 
example shows how to determine the minimum number of general illumination circuits that are required for 
an office building: 


Example 3.2 An area of a building devoted to offices has an area of 8200 sq. ft (762 m?). Determine 
the minimum number of 20-ampere, 120-volt rated general illumination branch-circuits required for 
the office space of the building. 


Answer: This is a building space listed in general illumination Table 220.12. The unit load for 
office space is 3.5 VA/ft? (39 VA/m?). Multiply the unit general illumination load by the area of the 
office space to get the volt-ampere for general illumination. This is a continuous load, therefore, 
multiply the load by 1.25. Then divide by 20 ampere per circuit to determine the minimum number 
of circuits required which is 15.0 (15.5 using metric factors). Even though one calculation arrives 
at 15 circuits and the other arrives at 16 circuits, either is considered to be in compliance according 
to 90.9(D). 
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8200 ft? x 3.5 VA/ft? = 28,700 VA 


762 m? X 39 VA/m? = 29,718 VA 


1.25 x 28,700VA =35,875VA 1.25 x 29,718VA =37,148VA 
Eek = 299 amperes SNe, 2310 amperes 
120V 120V 
ee = 15.0 circuits sok = 15.5 circuits 
20 A/circuit 20 A/circuit 


To determine the actual number of luminaires (lighting fixtures) on the circuit, these lighting loads usu- 
ally are considered to be continuous loads. Continuous load means the branch-circuit is not permitted to be 
loaded more than 80% of the circuit rating. For a 20-ampere lighting circuit, the maximum permitted con- 
tinuous load on the circuit would be 16 amperes. If the current drawn by the luminaires (lighting fixtures) is 
known, the number of luminaires (fixtures) on a branch-circuit can be determined. The method is shown in 
the following example. 


Example 3.3 Electric discharge luminaires (lighting fixtures) to be installed in a building each are 
rated at 1.9 amperes at 120 volts. Determine the maximum number of these luminaires (fixtures) per- 
mitted to be installed on a 20-ampere branch-circuit in a commercial building. 


Answer: The 20-ampere branch-circuit is only permitted to be loaded to 80% of the circuit rating, 
which is 16 amperes. Divide the 16 amperes by the rated current of each luminaire (fixture) to deter- 
mine the maximum number of luminaires (fixtures) permitted to be installed on the circuit. It is nec- 
essary to round a fraction down to the next integer or the circuit will carry more than 16 amperes. The 
maximum number of luminaires (fixtures) permitted to be installed on the circuit is eight. 


te OU = 8.4 luminaires (lighting fixtures) 


1.9 A/luminaire (lighting fixture) 


W hen to consider loads to be continuous is frequently a matter of judgment. In acommercial building, 
for example, receptacle loads may be operated with a great amount of diversity. Therefore, the times will be 
infrequent when the circuit would be operated near the circuit rating, especially for three hours or longer. In 
this case, the receptacle circuit is not to be considered a continuous load. In another case, the receptacle cir- 
cuit could be considered a continuous load. 

In Annex D of the Code, several examples illustrate how to determine the minimum number of branch- 
circuits for different building types. Example D1(a) is an example for a single-family dwelling, and Example 
D 4(a) shows how to determine the minimum number of branch-circuits for each dwelling unit of a multifamily 
dwelling. Example D3 shows how to determine the minimum number of branch-circuits for a store building. 


Electric Range for a Dwelling 


An electric range for a dwelling seldom operates at full nameplate rating, and when it does, the load 
is on only for a short time. Damage to conductors requires heat-producing current over a time period. If the 
time period is known to be limited, the wires will not be damaged. The range circuit rating is permitted by 
220.18(C) to be based on a range demand load. The minimum rating circuit permitted for a household elec- 
tric range is 40 amperes for ranges rated more than 83/4 kW, as specified in 210.19(A)(3). The range demand 
load is found in Table 220.55. Column C of Table 220.55 gives the demand load of an electric range or ranges 
that have a rating of not more than 12 kW. For example, one 12-kW electric range can be taken at a demand 
load of 8 kW for the purpose of sizing the branch-circuit overcurrent device and minimum conductor size. 
The following example explains the process. 


Example 3.4 A 10-kW electric range in a dwelling operates from a 120/240-volt circuit. Determine 
the minimum ampere rating of the circuit permitted to supply this electric range. 


Answer: The demand load for a 10-kW electric range is considered to be 8 kVA from column C of 
Table 220.55. Multiply the 8 kVA by 1000 to convert to VA and then divide by 240 volts to get the 
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current, which is 33.3 amperes. A 35-ampere overcurrent device (240.6) is sufficient for the load, but 
the minimum permitted is 40 amperes 210.19(A)(3). 


The minimum circuit rating for a household electric range is 40 amperes according to 210.19(A)(3). 
The circuit conductor is not permitted to have an allowable ampacity less than the rating of the range circuit, 
and the minimum conductor size is found in Table 310.16. For the previous example, where the circuit has 
a 40-ampere rating, the minimum copper conductor size permitted is 8 AWG. If the circuit is wired using 
Nonmetallic-Sheathed Cable, Type NM-B, according to 334.80, the allowable ampacity of the conductors is 
found in the 60°C column of Table 310.16. If the circuit is wired using service-entrance cable Type SE, the 
installation of the cable is required to be the same as for Type NM -B, according to 338.10(B)(4). This means 
that even though the conductor insulation and terminations are rated 75°C, the 60°C column of Table 310.16 
is required because 334.80 applies to Type SE cable when it is installed as an inside branch-circuit or feed- 
er. If the circuit is wired as individual conductors in raceway, then the column of Table 310.16 that is used 
to size the conductors depends upon the insulation rating of the conductors and the conductor terminations. 
Be aware of any conductor insulation minimum ratings that may be marked on an appliance terminal box. 

N ew electric range branch-circuits are required to have the grounded-circuit conductor (neutral) sepa- 
rated from the equipment grounding conductor. A 4-wire circuit and a 4-wire cord are required to supply an 
electric range, counter-mounted cooking unit, or wall-mounted oven. If the range is cord- and plug- 
connected, the receptacle is required to be of the 4-wire type with the neutral terminal separate from the 
equipment grounding terminal. The minimum ampere rating of the receptacle is permitted to be determined 
in the same manner as the circuit overcurrent device, according to 210.21(B)(4). In the case of an existing 
electric range circuit, the neutral conductor is permitted by Exception 1 of 250.140 and 250.142(B) to also 
serve as the equipment grounding conductor. The conditions that must be satisfied for the neutral to also 
serve as the equipment grounding conductor are covered in 250.140. 

The minimum branch-circuit rating for a household electric range is permitted to be determined using 
the rules in 220.55 according to 422.10(A). NEC ® 422.11(B) sets the maximum branch-circuit demand load 
at 60 amperes. If the appliance has a demand load higher than 60 amperes, then the load of the appliance is 
required to be subdivided so it will not exceed 50 amperes. Column C of Table 220.55 applies to an electric 
range rated not over 12 kW. Note 1 of Table 220.55 permits the use of Column C for ranges rated more than 
12 kW by increasing the value in column C by 5% for each kW in access of 12 kW. If the range is rated 
14 kW, then the value in column C is increased by 5% twice. The demand load of an electric range with a 
rating greater than 12 kW can be calculated according to the rule of Note 1 of Table 220.55 using 
Equation 3.1. Don’t be confused by the units kW and kVA. For the purpose of these branch-circuit calcula- 
tions these units are considered interchangeable. 


Range Demand Load =[(Valuein column C) x 0.05 x (Range kW - 12 kW)] 
+ (Value in column C) Eq. 3.1 


=[(8 kW) x 0.05 x (14 kW - 12 kW)] +8 kVA 
=(8 kW x 0.05 x 2) +8 kVA 
=0.8kVA +8kVA =8.8kVA 


If the rating of the electric range is a fraction, such as 14.5 kW, the number is rounded to the nearest 
whole number before doing the calculation. Note 1 of Table 220.55 requires the value in column C to be 
increased by 5% for every kW the range rating is greater than 12 kW, and by 5% for any major fraction of 
akW.A major fraction is 0.5 or greater. T his means that for a 14.5-kW electric range you must use 15 in the 
calculation. Do not use 14.5 kW. If an electric range has a rating of 16.4 kW, round down and use 16 kW in 
the calculation. The following example will illustrate how to determine the minimum range demand load 
when the nameplate rating of the range is a fraction. 


Example3.5 A 17.4-kW electric range is installed in a dwelling. Determine the minimum circuit rat- 
ing and copper conductor size if the circuit is wired using Type NM -B Nonmetallic-Sheathed Cable. 


Answer: The demand load can be determined using Equation 3.1, which is the rule in Note 1 of 
Table 220.55. The range rating is greater than 83/4 kW, therefore, look up the demand for one range 
rated 12 kW in column C of Table 220.55 and find 8 kVA. The nameplate rating of the range is a frac- 
tion, so round the 17.4 kW off to 17 kW. Now use Equation 3.1 to determine the range demand load. 
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Demandload =[(8kW) x 0.05 x (17 kW - 12 kW)] +8 kVA 
=(8 kW x 0.05 x 5) +8kVA =10 kVA 


Demand load current = oe 2 41.7 amperes 


The minimum circuit rating is 45 amperes, however, it is more likely a 50-ampere overcurrent 
device would be used. The circuit is wired with Type NM-B Cable, therefore, the 60°C column of 
Table 310.16 will be used to determine the minimum size conductor. The rating of the circuit deter- 
mines the size of conductor, therefore, the minimum size permitted is 6 AWG. 


Anoven and cooking unit can be separate units and built into the kitchen, as shown in Figure 3.13. The 
range conductor is permitted to extend from the supply panel to a junction box, and then taps connect to the 
counter-mounted cooking unit and to the wall-mounted oven. This is permitted by Exception 1 to 
210.19(A)(3). The rules for determining the minimum size of conductors for a wall-mounted oven and a 
counter-mounted cooking unit supplied from the same branch-circuit are found in Note 4 to Table 220.55. 
The minimum conductor size for the counter-mounted cooking unit and the wall-mounted oven is deter- 
mined based on the nameplate rating of each unit. It is permitted to add together the nameplate ratings of one 
counter-mounted cooking unit and up to two wall-mounted ovens for a dwelling to determine the rating of 
the circuit. The combined nameplate ratings are treated as one range for the purpose of determining the 
demand load. The following example is for a counter-mounted cooking unit and a wall-mounted oven sup- 
plied by the same branch-circuit with a tap to each unit. 


Example 3.6 A dwelling electric range consists of a wall-mounted oven with a nameplate rating of 
6.6 kW and a counter-mounted cooking unit with a rating of 8 kW, shown in Figure 3.13. Determine the 
minimum rating for the range circuit, and the minimum size Type NM -B copper cable required for the 
circuit and for the tap to each cooking unit. 


Answer: Add the 8-kW rating of the counter-mounted cooking unit to the 6.6-kW rating of the 
wall-mounted oven to get a combined rating of 14.6 kW. N ext determine the demand load for the range 
using Equation 3.1. 


Demand load =[(8 kW) xX 0.05 x (15 kW - 12 kW)] +8 kVA 
=(8 kW x 0.05 x 3) +8 kVA =9.2 kVA 


Demand load current = ea 38.3 amperes 


NEC ® 210.19(A)(3) AND 
TABLE 220.55, NOTE 4 


WALL-MOUNTED 


OVEN 6.6 kw COUNTER-MOUNTED 


COOKING UNIT, 8 kW 
SIZE 8 AWG 


SIZE 8 AWG 


SIZE 10 AWG 


SUPPLY 
TYPE NM-B COPPER CABLE 


Figure 3.13 A wall-mounted oven and a counter-mounted cooking unit are installed on a single branch-circuit. 
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The minimum rating permitted for this branch-circuit serving both the counter-mounted cooking 
unit and the wall-mounted oven is 40 amperes. Now determine the full-load current for each cooking 


unit. 
Wall-mounted oven current ea 2 28 amperes 
240 V 
Counter-mounted cooking unit current = eee = 33 amperes 


Nonmetallic-Sheathed Cable is used for the circuit, therefore, the 60°C column of Table 310.16 is 
used to determine the minimum conductor size. The branch-circuit conductor is size 8 AWG, the tap 
to the counter-mounted cooking unit is size 8 AWG, and the tap to the wall-mounted oven is 1OAWG. 


A disconnecting means is required to be provided for the electric range that will disconnect all 
ungrounded conductors. The rule is found in 422.31. If the branch-circuit overcurrent device is located 
within sight from the appliance, or is capable of being locked in the open position, 422.31(B) will permit the 
overcurrent device to act as the disconnecting means. The plug and receptacle is permitted to act as the dis- 
connecting means if it is accessible or if it can be reached by removal of a range storage drawer, as stated in 
422.33(B). NEC® 422.16(B)(3) permits a plug and receptacle or a plug and connector to be used to make the 
power connection to a wall-mounted oven or a counter-mounted cooking unit, but it does not permit these 
connections to serve as the disconnecting means for the cooking unit. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Article 210 Branch-C ircuits 


210.4(B ): This paragraph requires the simultaneous disconnecting of all ungrounded conductors of a multiwire 
branch-circuit. The simultaneous disconnecting requirement in the previous edition of the Code only 
applied when the multiwire branch-circuit supplied more than one device on the same yoke, such as the 
case with a split duplex receptacle. Now there is no reference to multiple devices on the same yoke. AI 
multiwire branch-circuits in all types of occupancies are required to have all ungrounded conductors 
simultaneously disconnected. Listed handle ties on single-pole circuit breakers are acceptable, but now 
the rule applies to circuits such as lighting circuits where individual rows of luminaires (lighting fixtures) 
are controlled by individual switches, but share a common neutral, such as shown in Figure 3.14. 

210.4(D): All conductors of a multiwire branch-circuit at some point in the originating equipment or panelboard 
are required to be held together as a group by tape, ties, or some similar means to indicate they are asso- 
ciated with the same circuit, unless the grouping is obvious. 

210.8(A )(2): This paragraph requires that 125 volt, 15- and 20-ampere receptacles installed in a garage or at 
grade level in an accessory building be GFCI protected. There were two exceptions that provided for 
non-GFCI protected receptacles for cord and plug connection of equipment in dedicated space such as 
a refrigerator or freezer in a garage. Another receptacle affected by this deletion of the exceptions is 
that a receptacle installed in the ceiling of a garage for supply of a garage-door opener is now required 
to be GFCI protected, such as illustrated in Figure 3.15. Those exceptions were deleted and now all 
receptacles in these spaces of a dwelling are required to be GFCI protected. 

210.8(A )(5): This paragraph requires all 125 volt, 15- and 20-ampere receptacles installed in a dwelling 
basement to be GFCI protected. Exceptions were deleted that permitted equipment installed in dedi- 
cated space to be cord and plug connected without GFCI protection. This exception covered appliances 
and equipment such as sump pumps, washers, and gas dryers. These exceptions are gone, and now 
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210.4(B) ALL MULTIWIRE BRANCH CIRCUITS SHALL 
HAVE COMMON DISCONNECT IN FORM OF HANDLE 
TIES OR MULTIPOLE CIRCUIT BREAKER 


MULTIWIRE 
BRANCH-CIRCUIT G 


THREE CIRCUITS 


Om SHARING COMMON 
NEUTRAL —> 


HANDLE TIE 


COMMON NEUTRAL 


Figure3.14 Multiwire branch-circuits in all occupancies are now required to have a common disconnect such as 
a multipole circuit breaker, or handle ties that will disconnect all ungrounded wires of the circuit simultaneously. 


DWELLING GARAGE —” 
DOOR OPENER 


210.8(A)(2) RECEPTACLE 
NOW REQUIRED TO BE 
GFCI PROTECTED 


Figure 3.15 All dwelling 125-volt, 15- and 20-ampere receptacles in the garage and outside are required to be 
GFCI protected. 


appliances and equipment such as these are required to be supplied from GFClI-protected receptacles 
or circuits as illustrated in Figure 3.16. 

210.8(B )(4): The previous edition of the Code required that receptacles installed outdoors accessible to the 
public on 125 volt, 15- and 20-ampere circuits be GFC! protected for non-dwelling occupancies such 
as commercial, industrial, and farm. The change is that the reference “accessible to the public” was 
deleted. Now all outside receptacles on 125 volt, 15- and 20-ampere circuits for non-dwelling occu- 
pancies are required to be GFCI protected. There is an exception that applies for industrial only where 
the receptacles are accessible only to qualified personnel and there is an assured equipment grounding 
program under 590.6(B)(2). 

210.8(B )(5): Receptacles supplied by 125-volt, 15- and 20-ampere circuits and located within 6 ft (1.8 m) of 
a sink in all non-dwelling occupancies are now required to be GFCI protected, illustrated in Figure 3.17. 
There is an exception for laboratories in industrial facilities where loss of power would pose a greater 
hazard; the GFCI protection for the receptacle is permitted to be omitted. There is a second exception 
for patient care areas of health care facilities where a receptacle located within 6 ft (1.8 m) of a sink is 
not necessarily required to be GFCI protected. 
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210.8(A)(5) RECEPTACLES NOW 
REQUIRED TO BE GFCI PROTECTED 


as 


ie WASHER]| DRYER 


DWELLING BASEMENT 


Figure 3.16 All dwelling 125-volt, 15- and 20-ampere receptacles in the unfinished portion of a basement are 
now required to be GFCI protected. 


GFCI PROTECTED 210.8(B)(5) RULE APPLIES TO 
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) 
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ere 


x GFCI PROTECTED 
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SINK 


Figure 3.17 Receptacles rated 125-volt, 15- and 20-ampere installed within 6 ft (1.8 m) of the edge of a sink in 
all occupancies are required to be GFCI protected. There are very few exceptions. 


210.8(C): The previous edition of the Code required outlets for a dwelling boat lift supplied by 125-volt, 
15- and 20-ampere circuits to be GFCI protected. Now circuit ampere rating is not specified, and the 
rule also applies to boat lift outlets on circuits rated up to 240 volts. 

210.12(B): There is a change in the arc-fault circuit interrupter requirements for dwellings. A new version of 
the AFCI will be required called the “combination-type.” The type presently used is called the 
branch/feeder type and no longer will be acceptable as meeting the Code requirement. The area with- 
in a dwelling where an outlet is required to be AFC! protected has increased. The previous edition of 
the Code only required AFC! protection for 120-volt, 15- and 20-ampere circuits supplying outlets in 
dwelling bedrooms. In addition to outlets on 120-volt, 15- and 20-ampere circuits in bedrooms, the list 
of rooms where AFCI protection is required has expanded to include the family room, diningroom, 
livingroom, parlor, library, den, sunroom, recreation room, all closets with outlets, hallways, and 
similar areas or rooms. Typical area of a dwelling covered and not covered are shown in Figure 3.18. 
The kitchen, laundry room, utility room, bathrooms, garage, unfinished basement areas, attic, and 
outside outlets are excluded from the requirement. AFC! protection for those circuits is optional. None 
of the areas where AFCI protection is required are areas where GFCI protection is required, unless an 
outlet is located within 6 ft (1.8 m) of asink. The AFCI is required to be at the source of the circuit; 
therefore, it is required to be installed in the service panel of the dwelling, but there is an exception. 
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Figure 3.18 The new combination-type AFCI is required for protection of all 120-volt, 15- and 20-ampere 
branch-circuits in a dwelling livingroom, dining room, family room, den, recreation room, library, hallway, 
closets, and bedrooms. 


210.12(B) Exception: This exception permits an arc-fault circuit interrupter (AFCI) required for dwelling 
applications to be installed at the first outlet on the circuit instead of at the service panel, provided 
installation requirements are followed. For the AFCI to be located at the first outlet on the circuit, the 
wiring between the service panel and the first outlet is required to be run in Rigid Metal Conduit, 
Intermediate M etal Conduit, Electrical M etallic Tubing, or steel Armored Cable, TypeAC, meeting the 
grounding requirements of 250.118. Testing has shown that when run as steel Type AC cable, or as 
RMC, IMC, or ENT, a fire hazard due to an arcing condition is highly unlikely; therefore, as long as 
these materials are used as the wiring method from the service panel to the first outlet, the AFCI is per- 
mitted to be installed at the first outlet, most likely in the form of a receptacle type AFCI. There is 
an additional requirement that the first outlet must be a metal box. A typical installation is shown in 
Figure 3.19. After the first box, other wiring methods acceptable for dwelling applications are permitted. 

210.52(E)(3): At least one receptacle is required to be installed at each balcony, deck, or porch that is 
attached to the structure and accessible from inside the dwelling. There is an exception that where the 
useable space is less than 20 sq ft (1.86 sq. m) a receptacle accessible from the balcony, porch, or deck 
is not required. 


MUST BE IN 
210.12(B) EXCEPTION METAL BOX  AFCI 
AFC] NOT REQUIRED HERE \ DEVICE 


WIRING METHOD MUST BE 
IMC, RMC, EMT OR 
STEEL TYPE AC CABLE 


SERVICE PANEL| < NO DISTANCE _____ses» 
LIMITATION 


Figure3.19 AnAFCI is permitted to be located at the first outlet on a 120-volt, 15- and 20-ampere circuit if the 
outlet box is metal, and the wiring between the service panel and the outlet box is RMC, IMC, EMT, or steel 
TypeAC cable suitable for grounding. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Outlets, Lighting, Appliances, and Heating 115 


210.60(A ): This section specifies receptacle outlet placement for guest rooms and suites in hotels and motels 
and similar occupancies. The word “dormitories” was added to make it clear they are to be treated in 
the same manner as guest rooms. 


Article 225 Outside Branch-Circuits and Feeders 


225.10: Types of wiring methods permitted to be installed on the outside of buildings are listed in this sec- 
tion. Type UF cable which is suitable to be installed in wet locations was left out and is now listed as 
an acceptable wiring method. 

225.22: This section states requirements for installation of raceway on the exterior of buildings. An excep- 
tion was deleted that made reference to flexible metal conduit, which is no longer permitted to be 
installed on the exterior of a building if the location is considered to be a wet location. 


Article 396 Messenger Supported Wiring 


Table 396.10(A ): M edium voltage cable, Type M V, is now permitted to be installed as messenger supported 
wiring with specifications provided in 328.10(3) Exception. 

396.30: This section now contains all requirements for a messenger as a means of support and as a neutral 
conductor or as an equipment grounding conductor. There is actually no change in this section, but it 
now states specifically when and how a messenger is permitted to serve as a grounded conductor 
(neutral) or an equipment grounding conductor. 


Article 404 Switches 


404.4: This section provides specifications on the installation of switches and circuit breakers used as switches 
in damp and wet locations. The section was too general, thus placing unnecessary restrictions on some 
installations. There is no longer a reference to installations outside a building. J ust because the switch is 
located outside a building does not necessarily mean it is in a damp or wet location. The section also 
distinguishes between a surface-mounted switch and a flush-mounted switch. For surface mounting, a 
weatherproof enclosure is required in a damp or wet location. In the case of a flush-mounted switch in a 
damp or wet location, only a weather-proof cover is required. 

404.9(B )(1): This section specifies methods of grounding a switch. The change is that it specifically states 
that a switch is considered grounded if it is connected using metal screws to a metal cover that is con- 
sidered grounded. The previous edition of the Code only made reference to use of metal screws to 
ground a switch to a grounded metal box. 


Article 406 Receptacles, Cord Connectors, and Attachment Plugs 


406.4(G): If two receptacles or a receptacle and a switch are installed in the same box and there is more than 
300 volts between terminals of the separate devices, then a metal barrier is required to be installed 
between the devices. This rule has been in effect for switches where multiple switches are connected 
to different phases of a 480/277 volt, 4-wire wye electrical system. In this case, there will be 480 volts 
between terminals of adjacent switches. It is not common to find two receptacles in the same box with 
more than 300 volts between the two separate receptacles. Generally, special use receptacles of this 
voltage are installed in a dedicated box. 

406.8(A ): All nonlocking receptacles rated 15- and 20-ampere, 125 volt and 250 volt that are installed out- 
doors in a weather-protected area are considered to be in a damp location. The cover is required to be 
one that is weatherproof when there is no plug in the receptacle. The change is that now there is an 
additional requirement that the receptacle be one that is listed as weather-resistant. 

406.8(B): All nonlocking receptacles rated 15- and 20-ampere, 125 volt and 250 volt that are installed ina 
wet location shall have an enclosure that is weather-proof both with a plug inserted and without a plug 
inserted. The change is that now there is an additional requirement that the receptacle be one that is 
listed as weather-resistant. There is an exception dealing with the case where plugs are removed and 
the area is power-washed. The receptacle must still be listed as weather-resistant, but the cover is per- 
mitted to be of a type that is weather-proof only when the plug is removed. 

406.11: All 15- and 20-ampere 125-volt and 250-volt receptacles installed in a dwelling are required to be of 
the tamper resistant type. The receptacle slot openings are closed until a plug is inserted; see Figure 3.20. 
Simply pushing an object into one of the slots will not open the receptacle. An actual plug of the correct 
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Figure 3.20 All 15- and 20-ampere, 125-volt and 250-volt straight blade receptacles installed in a dwelling are 
required to be of the tamper-resistant type. 


configuration must be inserted in order to open the receptacle. It does not matter where the receptacle is 
installed; there are no exceptions. 


Article 410 Luminaires, Lampholders, and Lamps 


There was some reorganization of the material in this article, and many of the sections were renumbered. 
Some of the section and paragraph titles were also changed to better describe the subjects covered. 

410.16: This section provides rules on the types of luminaires (lighting fixtures) that are permitted to be 
installed in clothes closets. As shown in Figure 3.21, light emitting diode (LED) lumiaires are permit- 
ted to be installed in a clothes closet if identified for use in storage areas. 

410.130(G): Double-ended fluorescent luminaires (lighting fixtures) installed indoors for all locations other 
than dwellings and associated dwelling structures shall have a means of disconnecting live power to the 
ballast. The disconnect is permitted to be internal to the luminaire, like the one shown in Figure 3.22, 
or it can be a single device attached to the luminaire. A disconnecting means is permitted to be located 
away from the luminaire, but must be within sight of the luminaire. In the case of a multi-wire branch- 
circuit, all of the ungrounded wires and the neutral are required to be simultaneously disconnected. 

410.151(B) FPN: This section specifies the maximum load that is permitted to be connected to a lighting 
track, which is simply the maximum rating of the track. When making a feeder or service calculation, 
however, it is required to add a load to the calculation that is equal to 150 volt-amperes for each 
2 ft (600 mm) of lighting track to be installed. The new fine print note points out that this calculation 
is for feeder or service load determination only and has nothing to do with the length of track that can 
be installed on a circuit or the number of luminaires that can be supplied by a track. Since track lighting 


410.16 LISTED LED 
LUMINAIRES PERMITTED 
IN STORAGE AREA 


CLOTHES CLOSET 


Figure3.21 LED luminaires (lighting fixtures) listed for use in closet storage areas are permitted to be installed 
in a dwelling clothes closet. 
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T8F32CW 


DOUBLE ENDED FLUORESCENT LUMINAIRE 


BALLAST ran 


410.130(G) POWER DISCONNECT 
SWITCH NOW REQUIRED 


Figure 3.22 Double-ended fluorescent luminaires are now required to be equipped with a device that will dis- 
connect power to the ballast. There are a few exceptions. 


is a continuous load, the maximum load that can be supplied by any lighting track is not permitted to 
exceed 80% of the rating of the overcurrent device protecting the circuit. 


Article 411 Lighting Systems Operating at 30 Volts or L ess 


411.3: New more specific listing requirements are provided for lighting systems that operate at not more than 
30 volts. A complete lighting system can be listed as a unit, or a lighting system can be installed as an 
assembly of listed components. T here was some confusion in the field in the past as to whether a low- 
voltage lighting system could be an assembly of individual listed components. 

411.5(D): Insulated secondary conductors of a low-voltage lighting system can carry enough current to cause 
a fire, and now there are some specific rules about their installation. If supplied by a Class 2 supply, 
the wires are to be installed in accordance with the rules of Part! and Part III of Article 725. Other 
wiring is to be installed a minimum of 7 ft (2.1 m) above the floor or installed using one of the meth- 
ods used for normal circuits unless for mounting at a lower height. 


Article 422 Appliances 


422.13: This section specifies that a storage-type electric water heater is to be considered a continuous load for 
the purpose of sizing the branch-circuit. The words “for the purpose of sizing the branch-circuit” were 
added. A feeder or service calculation includes a storage-type water heater at 100% of the rating, and 
sometimes a demand factor is applied that reduces that value. For the purpose determining the minimum 
branch-circuit rating and the minimum wire size, 125% of the load is used in the calculation. 

422.51: Vending machines are required to be manufactured with integral GFCI protection. Older vending 
machines without integral GFCI protection are required to be connected to a circuit that is GFCI pro- 
tected. This rule went into effect with the previous edition of the Code. What is new is a definition of 
a vending machine. A key pointin the definition is that it dispenses a product or merchandise, as com- 
pared to a coin-operated washer or dryer that provides a service. 

422.52: This is a new section that requires drinking fountains that are electrically powered to be GFCI pro- 
tected, illustrated in Figure 3.23. This applies to both plug and cord connected and hard-wired drink- 
ing fountains. 


Article424 Fixed Electric Space-H eating Equipment 


424.19: This section requires the simultaneous disconnection of all ungrounded conductors to fixed electric 
space-heating equipment. There was never a specification as to the rating of the disconnect, consider- 
ing that some of the equipment consists of electric heating elements as well as motors. The discon- 
necting means is now required to have an ampere rating not less than 125% of the total load of motors 
and heaters. 

424.19: The provisions for locking the disconnecting means for fixed electric space-heating equipment were 
not specified in the previous edition of the Code. It now specifies that there must be a permanent means 
of locking the disconnecting means in the open position. In the case of a circuit breaker, the locking 
kit must be of a type that remains in place even when the lock is not present. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


118 Unit 3 


DRINKING 
FOUNTAIN eo 


422.52 GFCl 
PROTECTION 


REQUIRED 
SS 


Figure 3.23 Electrically powered drinking fountains are now required to be GFCI protected. 


Article 725 Class 1, Class 2, and Class 3 Remote-C ontrol, Signaling, and Power-L imited Circuits 


This article dealing with Class 1, Class 2, and Class 3 wiring installations was reorganized slightly, but it was 
almost completely renumbered. The new section numbers compared to the previous edition section 
numbers are as follows: 


Part | General 

2005 Code 725.1 through 725.15 

2008 Code 725.1 through 725.35 
Part Il Class 1 Circuits 

2005 Code 725.21 through 725.29 

2008 Code 725.41 through 725.52 
Part III Class 2 and Class 3 Circuits 

2005 Code 725.41 through 725.61 

2008 Code 725.121 through 725.154 
Part IV Listing Requirements 

2005 Code 725.82 

2008 Code 725.179 


725.24: Class 1, Class 2, and Class 3 cables are to be installed in a neat manner, and supported by straps, 
staples, hangers, cable ties, and similar fittings. The change is that cable ties are a frequent method 
used to support these cables, but is was not specifically mentioned in the list. 

725.25: Abandoned cables not marked in a durable manner for future use are required to be removed in 
accessible locations. This is not a new requirement, but it is considered such an important requirement 
that it now is in a separate section. 

725.130(B) Exception 3: Some security systems use bare Class 2 cables, and now that technique is permit- 
ted if the cable is installed as a part of a listed system. 

725.154(D)(4)(2): This paragraph deals with the installation of Power-Limited Tray Cable (PLTC) in an 
industrial classified hazardous location. Cable Type PLTC-ER that does not have a metallic jacket is 
permitted to be run outside a cable tray to make transitions from one cable tray to another, or to adja- 
cent equipment. There are support and protection requirements that must be met. The real significance 
of this change is the -ER in the cable type designation. Cables that carry this designation are rated as 
“Exposed Routing,” which means they are permitted to be installed exposed outside a cable tray or 
raceway. 

725.179(E): Nonmetallic-Sheathed, Power-Limited Tray Cable, Type PLTC when installed in a wet location 
is required to be listed to be suitable for use in a wet location or have a moisture-impervious metal 
sheath. 
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WORKSHEET NO. 3— BEGINNING 
OUTLETS, LIGHTING, APPLIANCES, 
AND HEATING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A two-family dwelling has both living units with grade level access both from the front 
and the back yard. The minimum number of 125-volt, 15- or 20-ampere receptacle out- 
lets required on the outside of this building is: 


A. not specified in the Code. D. three. 
B. one. E. four. 
C. two. 


Codereference 
2. A living area in a dwelling has a wall that is 4 ft (1.22 m) long, then makes a 90° 
corner and continues for another 20 ft (6.10 m), and makes another corner and con- 
tinues for 7 ft (2.13 m) as shown in Figure 3.24. The minimum number of recepta- 
cle outlets permitted to be installed on this 31 ft (9.45 m) wall section is: 
A. two. C. four. E. Six. 
B. three. D. five. 


Code reference 


3. A thermostat circuit in a single-family dwelling is rated as Class 2 power-limited 
operating at 24 volts. A listed cable less than 1/4 in. (6 mm) in diameter permitted for 
this application but not permitted to be installed in a commercial building without 
raceway protection is Type: 

A. CL2. C. CL2P-Cl. E. CL2X. 
B. CL3. D. CL2R. 


Code reference 


20 FT (6.10 M) 
~< >| 
t MINIMUM NUMBER OF 4 FT 
RECEPTACLE OUTLETS? (1.22 M) 
7 FT == 
(2.13 M) DWELLING LIVING ROOM 
_¥_ 
FIREPLACE 


Figure 3.24 Determine the minimum number of receptacle outlets permitted to be installed on this length of 
unbroken wall in the living room of a dwelling. 
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4. Receptacle outlets are installed along the walls of living areas of a single-family 
dwelling where a specific load is not anticipated. These receptacle outlets are not in 
the kitchen, bath, or dining room. Assume also that receptacle outlets intended for 
an entertainment center are not included. The maximum number of receptacle out- 
lets permitted to be installed on a 15-ampere, 125-volt branch-circuit is: 


A. notlimited as long as the circuit is not overloaded. 
B. SIX. 

C. seven. 

D. eight. 

E. ten. 


Codereference 
5. An overhead 120/240-volt, 3-wire set of feeder conductors supplies power from a 
dwelling to an outbuilding on a property considered to be strictly residential with no 
intended truck traffic as shown in Figure 3.25. If the conductors pass over a drive- 
way, the minimum clearance from ground to an open conductor is to be not less than: 
A. 10 ft (3.0 m). D. 18 ft (5.5 m). 
B. 12 ft (3.7 m). E. 22 ft (6.7 m). 
C. 15 ft (4.5 m). 
Codereference 
6. A single-family dwelling has three bathrooms. The minimum number of 20-ampere 
125-volt branch-circuits required for the dwelling is: 


A. not specified in the Code. D. five. 
B. three. E. SIX. 
C. four. 


Codereference 
7. A 12-kW electric range is to be installed in a single-family dwelling. The minimum 
rating 120/240-volt, 3-wire circuit permitted for the range is: 
A. 30 amperes. C. 40 amperes. E. 60 amperes. 
B. 35 amperes. D. 50 amperes. 


Code reference 


DWELLING ; 
<. TO OUTBUILDING 
120/240-VOLT 
MINIMUM 3-WIRE FEEDER 
CLEARANCE? 
I, RESIDENTIAL 


— = | _-— _ DRIVE 
\ \ \ \ 


AW" 


\ \ \ \ \ \ \ ‘ \ \ \ 


Figure 3.25 Determine the minimum clearance of overhead conductors operating at 120/240 volts and running 
over a residential drive. 
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8. A 15-ampere rated duplex receptacle on a 20-ampere, 125-volt circuit and mounted 

on the outside of a building and exposed to the weather is: 

A. only required to have an enclosure that is weatherproof when the receptacle is 
not in use. 

B. permitted to have an enclosure that is weatherproof only when the receptacle is 
not in use provided the intended use is only when personnel are present. 

C. not required to have a weather-proof cover if the receptacle is GFCI protected 
for personnel and weather-resistant rated. 

D. required to have an enclosure that is weather-proof, whether the receptacle is in 
use or not in use and the receptacle is weather-resistant rated. 

E. is permitted to be exposed if weather-resistant rated. 


Codereference. 
9. Fluorescent luminaires (lighting fixtures) in a commercial building are designed to be 
connected end-to-end. The luminaires (fixtures) are installed in rows in a room con- 
nected end-to-end, and supplied power for the entire row with one outlet at the first 
luminaire (fixture) as shown in Figure 3.26. The maximum number of 20-ampere 
2-wire branch-circuits permitted to supply any one row of luminaires (fixtures) is: 
A. none, because fluorescent luminaires (lighting fixtures) are required to be indi- 
vidually supplied with power. 
one. 
two. 
three. 
four. 


moOOm 


Code reference 


10. The allowable ampacity of asize 18 AWG copper 2-wire Type SPT-1 flexible exten- 


sion cord is: 
A. 7 amperes. C. 12 amperes. E. 15 amperes. 
B. 10 amperes. D. 13 amperes. 


Codereference. 

11. A receptacle outlet is located on a wall of a dwelling living room 6 in. (0.15 m) from 

a corner. A fter turning the corner, a wall section is 10 ft (3.05 m) in length. T he wall 

then makes another corner and comes to another receptacle within 6 in. (0.15 m) as 

shown in Figure 3.27. The minimum number of receptacle outlets required to be 

installed on the 10-ft (3.05 m) wall section is: 

A. none. C. two. E. four. 

B. one. D. three. 


Code reference 


OUTLET AT FIRST 
LUMINAIRE (LIGHTING FIXTURE) 
SUPPLIES ROW OF LUMINAIRES 


a FLUORESCENT LUMINAIRES (LIGHTING FIXTURES) 


Figure 3.26 Determine the maximum number of 2-wire circuits that are permitted to supply luminaires (lighting 
fixtures) mounted end-to-end in a continuous row. 
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Figure 3.27 Determine the minimum number of receptacle outlets required to be installed on the 10 ft (3.05 m) 
section of wall in the dwelling. 


12. An electric range in a single-family dwelling has a rating of 15 kW. The minimum 
demand load permitted to be used to determine the minimum circuit rating for the 


range is: 
A. 8kVA. C. 9.2 kVA. E. 15kVA. 
B. 84kVA. D. 12kVA. 


Codereference 

13. A single-pole snap switch on a 15-ampere circuit in a dwelling fails and during 

replacement it is discovered the wire connected to the switch is aluminum size 

12 AWG. If the aluminum wire is to be connected directly to the terminal screw of the 
replacement switch, the switch must be marked: 


A. cu/al. D. cu/al and 90° rated. 
B. approved for aluminum wire. E. CO/ALR. 
C. al-only. 


Codereference. 
14. A recessed incandescent luminaire (lighting fixture) is marked as thermally protect- 
ed but it is not rated for direct contact with insulation (non-Type IC). Not counting 
the mounting points, the minimum distance required between the luminaire (fixture) 
and the wood joist, as shown in Figure 3.28, is: 


A. Y2in. (13 mm). D. 2in. (51 mm). 
B. 3/4in. (19 mm). E. 3in.(76 mm). 
C. lin. (25 mm). 


Code reference 
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Figure3.28 A recessed incandescent lunminaire (lighting fixture) is marked as thermally protected but not rated 
for installation in direct contact with insulation. Determine the minimum spacing required between the side of the 
luminaire (lighting fixture) and the adjacent wood joist. 


15. A Type CL2 cable for a Class 2 circuit is run from a furnace to a thermostat location 
in another part of a new building under construction. The cable is required to be 
attached to structural components of the building at intervals not to exceed: 


A. any distance because support distances are not specified for a Class 2 circuit. 
B. 41/2 ft (1.37 m). 

C. 5 ft(1.52 m). 

D. 6ft(1.83 m). 

E. 8 ft (2.44 m). 


Code reference 
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WORKSHEET NO. 3— ADVANCED 
OUTLETS, LIGHTING, APPLIANCES, 
AND HEATING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A single-family dwelling has a living area of 2600 sq. ft (241.5 m?). All circuits for 
general illumination, in addition to those for small appliances, laundry and bathroom 
receptacles are rated at 15 amperes. The minimum number of general illumination 
branch-circuits permitted for this dwelling is: 

A. three. C. five. E. seven. 
B. four. D. Six. 


Codereference 
2. A 4500-watt, single-phase, 240-volt electric, 80-gallon (300 L) storage-type water 
heater is provided power with a copper Type NM-B Cable. The minimum size cop- 
per conductor permitted for this circuit is: 
A. 18AWG. C. 14AWG. E. 10AWG. 
B. 16AWG. D. 12AWG. 


Codereference 
3. Electric discharge luminaires (lighting fixtures) with mogul-base screw-shell lamp- 
holders supplied by a 30-ampere branch-circuit are cord- and plug-connected to recep- 
tacles located directly above the luminaires. Each luminaire (fixture) draws 
3.8 amperes. The minimum rating receptacle permitted for each luminaire (fixture) is: 
A. 5 amperes. C. 15 amperes. E. 30 amperes. 
B. 10 amperes. D. 20 amperes. 


Codereference 
4. A peninsular type dwelling kitchen counter has a cupboard mounted above with a 
receptacle intended to serve the peninsular counter mounted to the underside of the 
cupboard as shown in Figure 3.29. The maximum distance from the surface of the 
counter to the receptacle outlet is not permitted to be more than: 
A. 18in. (450 mm). D. 30 in. (750 mm). 
B. 20 in. (500 mm). E. 36in. (900 mm). 
C. 24 in. (600 mm). 
Codereference 
5. Anelectric range rated 16.4 kW is installed in a single-family dwelling. The mini- 
mum demand load permitted to be used to determine the rating of the circuit is: 
A. 9.6 kVA. C. 10kVA. E. 16.4kVA. 
B. 9.76 kVA. D. 16kVA. 


Code reference 
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Figure 3.29 A cupboard is mounted above a swelling peninsular kitchen counter with a receptacle outlet mounted 
to the bottom of the cupboard. Determine the minimum distance from the counter to the receptacle. 


6. A particular piece of 3-phase, 240-volt portable equipment is connected to a perma- 
nent wiring system with extra hard service Type SOW copper flexible cord. The min- 
imum conductor ampacity required for the equipment is 14 amperes. The minimum 
size flexible cord permitted to supply this equipment is: 

A. 16AWG. C. 12AWG. E. 8AWG. 
B. 14AWG. D. 10AWG. 


Codereference 
7. Class 2 circuit conductors installed in an elevator hoistway as a riser in lengths 
greater than 6 ft (1.8 m) are not permitted to be run in: 
Rigid M etal Conduit. 
Rigid Nonmetallic Conduit. 
Liquidtight Flexible Nonmetallic Conduit. 
Liquidtight Flexible M etal Conduit. 
Electrical M etallic Tubing. 


mOOD> 


Codereference. 
8. Three separate electric baseboard space-heating units are installed in a room of a 
dwelling on a single 240-volt branch-circuit. The maximum rating branch-circuit 
permitted for these baseboard heating units is: 
A. 15 amperes. C. 30 amperes. E. not limited. 
B. 20 amperes. D. 40 amperes. 


Code reference 
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9. A dwelling has three bathrooms, and the fan and luminaires (lighting fixtures) in 
each bathroom are installed on the same circuit with the receptacle in the same bath- 
room. The minimum number of 20-ampere, 125-volt branch-circuits required for 
this dwelling to serve the bathrooms is: 


A. only dependent upon the load to be served. 
B. one. 

C. two. 

D. three. 

E. four. 


Codereference 
10. The outlets in a dwelling that are required to beA rc-Fault Circuit-Interrupter (A FC!) 
protected are: 

A. only receptacles in bedrooms. 

B. all bedroom outlets on 120-volt, 15- and 20-ampere circuits. 

C. all outlets on 120-volt, 15- and 20-ampere circuits in the entire dwelling. 

D. all outlets on 120-volt, 15- and 20-ampere circuits serving the family room, 
dining room, livingroom, parlor, library, den, bedrooms, sunroom, recreation 
room, closets, hallways, and similar rooms and areas. 

E. all outlets on circuits not run in metal raceway or metal-sheathed cable. 


Codereference 
11. One building is supplied power from another building on the same property. The 
feeder to the second building is protected by a 200-ampere overcurrent device at the 
first building, and terminates immediately at a 200-ampere fusible switch upon entry 
to the second building as shown in Figure 3.30. This fusible switch is required to be 
rated as suitable for use as service equipment: 

A. only if the feeder contains a grounded circuit conductor that is also grounded at 
the second building and bonded to the disconnect enclosure. 

B. only if the feeder conductors are installed overhead and exposed to lightning. 

C. no matter what voltage or type of feeder supplies the second building. 

D. inall cases except where a grounded circuit conductor in the feeder is run sep- 
arate from an equipment grounding conductor, and the grounded conductor is 
not grounded at the second building. 

E. only if the feeder has an ungrounded conductor operating at more than 250 
volts-to-ground. 


Code reference 


FIRST 
BUILDING 
a pecan FEEDER PROTECTED 
AT 200 AMPERES 
i ea a 
we *—>—— RATEDSUITABLEFORUSE —— —(i—‘“—Cs~™YSCSCSSCSCitee ee 


‘ tee 
200-AMPERE AS SERVICE EQUIPMENT 


FUSIBLE SWITCH 


Figure 3.30 The second building receives the power from the first building. Determine the conditions under 
which the disconnect in the second building is required to be rated as suitable for use as service equipment. 
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12. A dimmer switch is not permitted to control: 

A. areceptacle that is intended to supply an incandescent floor or table luminaire 
(lighting fixture). 

B. more than one incandescent luminaire (fixture) on the same circuit in a dwelling. 

C. loads greater than 300 watts except in commercial or industrial buildings. 

D. luminaires (lighting fixtures) in a dwelling with exposed conductive parts unless 
protected with a GFCI for personnel. 

E. asingle incandescent luminaire (fixture). 


Codereference 

13. A complex of buildings is supplied power from a substation on the property with 

overhead lines to each building operating as a 4-wire grounded wye feeder at 

8300/4800 volts. The conductors pass over open lands subject to vehicular traffic, 

pedestrian areas, and roadways suitable for truck traffic. The clearance from the 

roadway to the conductors, as shown in Figure 3.31, is not permitted to be less than: 

A. 15 ft(4.5 m). C. 20ft (6m). E. 30 ft (9m). 

B. 181/2 ft (5.6 m). D. 22 ft (6.7 m). 


Codereference 
14. A 208/120-volt, 4-wire feeder supplies power from one building to a separate build- 
ing on the same property. The feeder is protected by a 100-ampere overcurrent 
device in the first building. The property management does not have a qualified elec- 
trician on site at all times. The disconnecting means for the second building is: 
A. permitted to be located inside the first building. 
B. required to be located on the outside of the second building or inside and in 
either location near the point of entry of the conductors to the building. 
C. required to be located inside the building at the nearest practical point where the 
conductors enter the building. 
D. required to be located at the first building. 


E. permitted to be located outside the second building, not necessarily on the build- 
ing, but within 50 ft (15 m) of the building. 
Codereference 
VOLT 
rr 00/4800-VO 
Re FEEDER 
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\ oe a aa oan _—S— ee Sy 
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Figure 3.31 Overhead feeder conductors serving building on industrial property operate at 8300 volts between 
conductors and 4800 volts to ground. Determine the minimum clearance from a roadway subject to truck traffic 
and the overhead conductor. 
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15. Several Class 2 cables, with a 1/4-in. (6 mm) diameter, are installed in an existing 
building with a suspended ceiling, and it is ruled that attaching the cables to the 
structural components above the ceiling will be difficult. The Class 2 cables are: 

permitted to be supported by the ceiling grid support wires. 

required to be supported by building structural components. 

permitted to be run across the ceiling grid and removable tiles. 

limited only to one cable run across the ceiling grid and removable tiles. 

not permitted to be supported by the ceiling grid support wires. 


mOOm> 


Code reference 
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UNIT 4 


Services and 
Feeder Calculations 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
¢ determine the minimum permitted service entrance conductor size. 


¢ determine the demand load to be included in a multifamily service calculation for more 
than two electric ranges in the building. 


* determine the minimum permitted ampere rating for a single-family dwelling using the 
methods of Article 220, Part III or the optional calculation method. 


¢ determine the maximum unbalance load for a single-family dwelling for the purpose of 
sizing the neutral conductor. 


* determine the minimum ampere demand load for a small commercial building. 


* determine the minimum permitted service entrance demand load for a multifamily 
dwelling. 


¢ determine the minimum ampere rating of the service entrance for an existing dwelling 
where there has been an addition to the structure. 


¢ determine the minimum demand load in amperes for a farm building where the loads 
that operate simultaneously and other loads are known. 


* look up the installation requirements for a service entrance from the Code. 

¢ determine the minimum permitted ampere rating of central distribution equipment for 
a group of farm buildings, where the demand loads at each building are known. 

* answer wiring installation questions relating to Articles 215, 220, Parts III, IV, and V, 
230, and Annex D, Examples. 

¢ state at least five significant changes that occurred from the 2005 to the 2008 Code from 
the previously stated articles. 


CODE DISCUSSION 


The installation of service equipment and calculations for the determination of the minimum rating of 
service equipment and feeders are covered in this unit. Grounding and bonding of service equipment are dis- 
cussed in Unit 5. 

Article 215 provides the minimum requirements for feeder conductor size and overcurrent protection. 
Feeders are main conductors that are ultimately subdivided into smaller circuits. The rules that are in Article 220, 
Parts Ill, 1V, and V are used to determine the minimum load to be supplied by a set of feeder conductors. The total 
load must be subdivided into continuous and noncontinuous loads. Continuous loads, as defined in Article 100, 
are those that generally operate for three hours or longer. Lighting is usually considered to be a continuous load. 
Some appliances and equipment may also be considered continuous loads. Electric motors are frequently operat- 
ed continuously but there is a separate rule for determining electric motor loads. Feeder load calculations are 
frequently figured in volt-amperes. A 150-watt incandescent lamp operating at a nominal 120 volts would be taken 
as a 150-volt-ampere load. A 3.5-kW electric water heater operating at 240 volts would be taken as a 
3500-volt-ampere load. For some equipment, such as electric motors, the load in volt-amperes or watts is not 
provided. It is necessary to determine the load in volt-amperes for an electric motor by looking up the full-load 
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current of the motor in Table 430.248 for single phase motors or Table 430.250 for 3-phase motors and multiply- 
ing by the nominal voltage to get the volt-amperes. Equations 4.1 and 4.2 are used to determine load in volt- 
amperes for motors and similar equipment. Example 4.1 shows how to find the load for a 3-phase motor to be 
included in a feeder calculation. 


Single-phase motors: 


M otor L oad = (Amperes from Table 430.248) x Nominal Voltage Eq. 4.1 
Three-phase motors: 
M otor L oad = 1.73 x (Amperes from Table 430.250) x Nominal Voltage Eq. 4.2 


Example 4.1 A 208Y /120-volt feeder in a commercial building supplies lighting and receptacle 
loads as well as several 3-phase electric motors, one of which is rated 10 horsepower. Determine the 
load in volt-amperes for the 10-horsepower, 208-volt, 3-phase electric motor to be used in the feeder 
calculation. 


Answer: This is a 3-phase motor, therefore, Equation 4.2 can be used to calculate the motor load. 
Look up the full-load current of the motor in Table 430.250 and find 30.8 amperes. The load for the 
motor is 11,083 VA. 


M otor Loadiz9 hp, 3-phase, 208 V) = 1.73 X 30.8A x 208V =11,083 VA 


W hen determining the minimum load to be supplied by a feeder, it is often convenient to add up the 
loads in the following three categories: continuous load, noncontinuous load, and motor load. If there is more 
than one motor supplied by the feeder, the rule of 430.24 will apply, and the largest motor load is multiplied 
by 1.25, and the other smaller motor loads are taken at their calculated value. 

NEC®215.2(A)(1) sets the minimum feeder conductor ampacity at 1.25 times the continuous load plus 
the noncontinuous load. A dd motor loads by taking the largest motor load times 1.25 and the remaining motor 
loads at 100%. This is done without any consideration of adjustment factors for more than three current- 
carrying conductors in a raceway or cable or any temperature correction factors. The same method is used 
to determine the minimum ampere rating required for service conductors in 230.42(A). Examples of apply- 
ing correction and adjustment factors are worked out in Unit 1, Unit 2, and Example D 3(a) in the Code. 

NEC® 215.3 specifies the same method for determining the minimum rating of overcurrent protection 
for the feeder as was used for determining the minimum ampacity of the feeder conductors. As illustrated in 
Figure 4.1, multiply the continuous load by 1.25 and add the noncontinuous load. Actually, figuring the 


tan 


CONTINUOUS LOAD 


FEEDER 
RATING 


ASSUMED TO BE NONCONTINUOUS LOAD IN THIS CASE 


NEC® 215.3 FEEDER RATING SHALL NOT BE LESS THAN THE SUM OF: 
1. NONCONTINUOUS LOAD AT 100% 
2. 1.25 TIMES THE CONTINUOUS LOAD 


Figure 4.1 The feeder rating is not permitted to be less than the noncontinuous load plus 1.25 times the contin- 
uous load. 
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minimum rating of feeder overcurrent protection should be the first step in the process. Refer to 240.6(A) for 
standard ratings of overcurrent devices once the minimum feeder load has been determined. The minimum 
size of conductor not only depends upon the load to be served but also upon the rating of the feeder over- 
current protection. NEC ® 240.4 requires a conductor to have an allowable ampacity not less than the rating 
of the overcurrent device. NEC® 240.4(B) applies in the case where the allowable ampacity of the conductor 
does not match a standard rating of overcurrent device. Provided the overcurrent device rating does not 
exceed 800 amperes, the next higher standard rating is permitted to protect a conductor. The following exam- 
ple will illustrate the application of 240.4(B). 


Example 4.2 The calculated load for a feeder according to 215.2(A)(1) and 215.3 is 260 amperes. 
The feeder will be protected with a 300-ampere circuit breaker. If the feeder conductors are copper 
with 75°C insulation and terminations and no adjustment or corrections factors apply, determine the 
minimum size conductor permitted for this feeder. 


Answer: According to 215.2(A)(1), the conductor is required to have an allowable ampacity not less 
than 260 amperes. From Table 310.16, this is a size 300 kcmil conductor rated at 285 amperes. NEC® 
240.4(B) permits this conductor to be protected at 300 amperes since it has an ampacity higher than 
the calculated load. The minimum size is 300 kcmil. 


Solidly grounded wye electrical systems operating at more than 150 volts-to-ground from the phase 
conductors but not over 600 volts between conductors are required to be provided with protection from dam- 
age due to ground faults if the disconnecting means is rated 1000 or more amperes. The arcing that can occur 
during a ground fault of feeders and services that have high ampere ratings can cause extensive damage and 
possible injury to personnel. For these services and feeders, a ground-fault sensor is required for feeders, 
215.10, and for services, 230.95. There are two types of equipment ground-fault sensors. A current trans- 
former, similar to a clamp-around ammeter, is installed after the main circuit breaker with the three phase 
conductors and neutral passing through the current transformer. This type is shown in Figure 4.2. The equip- 
ment grounding conductor does not pass through the sensor. The setting of the sensor is not permitted to be 
higher than 1200 amperes. L ower settings are desirable, although nuisance tripping may become a problem. 
With the second type of ground-fault protection, the sensor is installed around the main bonding jumper as 
shown in Figure 4.2. Fault current returning to the source must flow on the main bonding jumper. Care must 


480Y/277-VOLT 
SOLIDLY GROUNDED 
ELECTRICAL SUPPLY 


SHUNT TRIP 
BEEUEH | | RELAY SHUNT TRIP mei ay 
1000 AMPERES CIRCUIT 
“TO 7 )J=-+-}- PO BREAKER : 
ial | 1000 AMPERES 
| OR MORE INSULATED 
<—+1— NEUTRAL NEUTRAL BUS 
| ad —|— MAIN 
BONDING 
JUMPER 
aN CURRENT 
EQUIPMENT TRANSFORMER 
GROUNDING 
CURRENT J CONDUCTOR eeuENENE 
TRANSFORMER | IF REQUIRED GROUNDING 
TO GROUNDING To. REQUIRED 
TO LOADS ELECTRODE TO LOADS asanning 


ELECTRODE 
Figure 4.2 Equipment ground-fault protection is permitted to be installed around all phase conductors and the 


neutral, or it can be installed to sense current flow on the main bonding jumper at the service disconnect. 
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Figure 4.3 Equipment ground-fault protection is not required for a 480Y /277-volt solidly grounded electrical 
system if all disconnecting means are rated less than 1000 amperes. 


be taken to make sure there are no parallel return paths to the source with this type of sensor. For more about 
grounding and grounding terminology, refer to Unit 5. 

Equipment ground-fault protection can sometimes be avoided by using multiple disconnects each rated 
less than 1000 amperes as shown in Figure 4.3. The disconnect rating is the highest rating of fuse that can 
be installed in the disconnect, not necessarily the rating of the fuse installed. In the case of a circuit breaker 
used as a disconnect, the maximum rating is the maximum continuous current setting of the circuit breaker. 

Article 220, Part Ill, specifies a basic method of calculating the load for a feeder or service. This load 
is used to size the conductors and the rating of overcurrent protection. It is important to note these calcula- 
tions only provide for the known load. Provisions for future load growth is a matter of judgment and is not 
covered in the Code. This discussion will concentrate on load calculations for single-family dwellings, mul- 
tifamily dwellings, a small commercial building, and farm buildings. Part IV provides optional methods for 
making some load calculations. 

NEC® 220.40 requires the feeder or service calculation to include all appropriate loads described in 
Part Il of Article 220. NEC® 220.12 specifies the minimum load that is required to be included for general 
illumination for any type of facility listed in Table 220.12. This is a minimum load that is required to be 
included. If the actual lighting installed represents a larger load, then the larger load is used in the calcula- 
tion. The feeder or service conductors must be capable of supplying the minimum load even if a smaller 
lighting load in installed. It is also required to provide an adequate number of circuits in the panelboard to 
supply the minimum listed lighting load even if a smaller lighting load is actually installed. In the case of 
dwellings according to 220.14(J ), the receptacles, except for small appliance, laundry, and dedicated cir- 
cuits, are included as outlets for general illumination, which means no additional load is required to be 
included for these receptacles. The load for general illumination is determined by multiplying the area of 
the building times the unit load from Table 220.12 for the type of building. In the case of a single-family 
dwelling, the area to be included is the total area of the dwelling not including open porches, garages, and 
unused or unfinished spaces not practical for future use as living space in the dwelling. A finished portion 
of a basement would be included in the total floor area of the dwelling to which the unit lighting load would 
apply. The following example illustrates the calculation of general illumination load for a single-family 
dwelling. 


Example 4.3 A single-family dwelling has two floors of living space with a total area of 2600 sq. ft 
(241.6 m2). The basement is not finished and is not used as living space in the dwelling. Determine the 
minimum general illumination load required to be included in the service calculation for the dwelling. 


Answer: Look up the unit load of 3 VA/ft? (33 VA/m’) for a dwelling unitin Table 220.12. Next, mul- 
tiply the living area of the dwelling by the unit general illumination load to get the minimum load of 
7800 VA (7973 VA for the metric calculation). 
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General illumination load = 2600 ft? x 3 VA/ft? = 7800 VA 
(= 241.6 m2 X 33 VA/m? = 7973 VA) 


In the case of receptacle loads, it may be necessary to include a specific load if the receptacle is for 
specific equipment. The load for receptacles on 15- and 20-ampere, 125-volt general circuits generally 
depends upon the actual number of receptacles installed. NEC®220.14(1) specifies that general use recepta- 
cles are to be included in the feeder or service calculation as 180 volt-amperes for each receptacle strap or 
yoke. A duplex receptacle represents a load of 180 VA. This rule does not apply to dwellings, 220.14(J ). 
NEC® 220.14(K) requires that for an office building, a minimum receptacle load of 1 VA/ft’ (11 VA/m) is 
required to be included for general-use receptacles. Generally the actual receptacle load will be higher than 
this value and the higher load is required to be included in the calculation. NEC® 220.44 recognizes that it is 
not likely that all receptacle outlets will be utilized at the 180-volt-ampere level at the same time. A 50% 
demand according to Table 220.44 is permitted to be applied to receptacle load in excess of 10,000 VA. The 
following example will illustrate how the general use receptacle load is determined: 


Example 4.4 An office building has a total floor area of 1800 sq. ft (167.3 m?). Also, 72 general-use 
receptacles on 20-ampere, 125-volt circuits are installed. Determine the minimum receptacle load 
required to be included in the service load calculation. 


Answer: First, determine the minimum load that is required to be included for general use recepta- 
cles by multiplying the area of the office by 1 VA /ft? (11 VA/m*) to get 1800 VA (1840 VA). Next, deter- 
mine the minimum load that is required to be included in the calculation for each receptacle installed 
by multiplying the number of receptacles by 180 VA/receptacle to get 12,960 VA. The larger load is 
included, but this load is in excess of 10,000 VA. NEC® 220.44 permits the excess over 10,000 VA to 
be taken at half the value which will result in a total demand for receptacle load in this building of 
11,480 VA [(12,960 - 10,000) x 0.50] + 10,000 = 11,480 VA. 


NEC® 220.18(C) permits an electric range load for a dwelling to be figured using the demand factors 
of 220.55. If the individual living units in a multifamily dwelling have electric ranges, Table 220.55, 
according to Note 1, can be used to determine the minimum load that must be included in the total build- 
ing service or feeder load. If the electric ranges are not less than 83/4 kW or more than 12 kW in rating, the 
demand load for all the ranges can be looked up in column C of Table 220.55. The following example will 
illustrate the method of determining the total service demand load for electric ranges in a multifamily 
dwelling: 


Example 4.5 A multifamily dwelling has 18 living units each with a 12-kW electric range. 
Determine the demand load for the ranges that is required to be included in the total service load 
calculation. 


Answer: The ranges are not rated more than 12 kW, therefore, the demand load of 33 kVA can be 
looked up in column C of Table 220.55. 


When the electric ranges in a multifamily dwelling have different ratings, it will be necessary to 
determine the average range rating if some of the electric ranges are rated more than 12 kW. Note 2 of 
Table 220.55 describes the method used to determine the average range size for the multifamily dwelling. 
All electric ranges rated greater than 83/4 kW but not greater than 12 kW are to be taken as though they were 
rated at 12 kW when determining the average. The following example will illustrate how the average range 
rating is determined: 


Example 4.6 A multifamily dwelling has 18 living units— six with 10-kW electric ranges, six with 
12-kW electric ranges, and six with 16-kW electric ranges. Determine the average rating range for the 
18 living units. 


Answer: Note 2 of Table 220.55 describes the process of determining the average range rating. All 
ranges 12 kW or less in rating are to be taken as though all were rated at 12 kW for the purpose of 
determining the average range size. The average range size is 13.3 kW. 
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12 ranges x 12 kW =144 kW 

_6 ranges x 16 kW = 96 kW 

18 ranges 240 kW 

Average range rating . ee 13.3 kW 
18 ranges 


Note 1 of Table 220.55 describes how to determine the demand load for electric ranges in a multi- 
family dwelling when the average range rating is greater than 12 kW. The value in column C is increased 
by 0.05 for each kW the average rating exceeds 12 kW. As was described in the single electric range exam- 
ple of Unit 3, round the average range rating to the nearest whole number before figuring the range demand 
load. Equation 4.3 can be used to determine the range demand load to be included in the service calcula- 
tion for the entire building. The following example will illustrate the process. 


Range Demand L oad = [(Average range rating - 12) x 0.05 x 
(Value from column C of Table 220.55)] + 
(Value from column C of Table 220.55) Eq. 4.3 


Example 4.7 A multifamily dwelling has 18 living units with electric ranges of different ratings and 
the average range rating is 13.3 kW. Determine the minimum demand load for the electric ranges per- 
mitted to be included in the service calculation for the building. 


Answer: Note 1 of Table 220.55 describes the process of determining the total minimum range 
demand load, which is summarized in Equation 4.3. Look up the demand load for 18 ranges rated at 
12 kW from column C of Table 220.55. Round 13.3 kW off to 13 kW. Now put these values into 
Equation 4.2 and find the minimum range load for the building to be 34.65 kVA. 


Range Demand Load =[(13 - 12) x 0.05 x 33 kVA] +33 kVA = 34.65 kVA 


NEC® 220.42 provides demand factors that are permitted to be applied to lighting loads for several types 
of buildings. In particular, the demand factors can be applied to the general illumination load for dwellings 
when calculating the service or feeder demand load using the method of Article 220, Part Ill. NEC® 220.52 
requires 1500 volt-amperes to be included in the load for each of the two required small appliance branch- 
circuits and the one required laundry branch-circuit. NEC ® 220.52 states that the small appliance and laundry 
branch-circuit loads are permitted to be included in the load to which the demand factors of Table 220.42 
apply. The following example will illustrate how the demand factors of Table 220.42 are used: 


Example 4.8 The demand load for a single-family dwelling service is calculated using the method 
of Article 220, Part III. The dwelling has a living area of 2400 sq. ft (223 m2). Determine the minimum 
load permitted to be included in the service calculation for general illumination, small appliance cir- 
cuits, and the laundry circuit. 


Answer: The general illumination, small appliance, and laundry circuit loads before applying the 
demand factors total 11,700 VA. 


General illumination 2400 ft? x 3 VA/ft? =7,200 VA 

(223m? x 33VA/m?) (7359 VA) 
Small appliance 3,000 VA 
Laundry 1,500 VA 


11,700 VA (11,859 VA) 


Look up the demand factors for a dwelling in Table 220.42. The first 3000 VA of this load must be taken 
at 100% and the balance is taken at 35% to arrive at a minimum permitted load of 6045 VA (6101 VA). 


[(11,700 VA - 3000 VA) x 0.35] +3000 VA =6045 VA 
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NEC® 220.53 permits a 75% demand factor to be applied to fastened in place appliance loads in a 
dwelling when there are four or more appliances. This demand factor can be applied when the method of Article 
220, Part III is used for the service demand load calculation. This demand factor does not apply to the electric 
range, clothes dryer, space heat, or air-conditioner. Typical loads in a dwelling to which this factor does apply 
are the electric water heater, garbage disposer, dishwasher, and built-in microwave oven. NEC® 220.60 permits 
the smaller of two loads to be disregarded in the calculation if it is not likely the loads will operate at the same 
time. An example would be electric heating and air-conditioning. There may be cases where they would oper- 
ate at the same time, but generally the smaller of the two loads is permitted to be disregarded. 

NEC® 220.61 explains the rules for determining the maximum unbalanced load for a service, which is 
the maximum load that could be expected on the neutral conductor. In the case of a 120/240-volt 3-wire ser- 
vice or feeder, even though the maximum unbalance load may be a substantial amount of current, the load 
on the neutral conductor is generally only a few amperes. This section is used to determine the maximum 
unbalance load whether the ungrounded conductors and the rating of the service is determined using the 
method of Article 220, Part III, or one of the optional methods in Part IV. To determine the maximum unbal- 
anced load, identify all of the loads that operate at the lower voltage and would use the neutral. This would 
be 120-volt loads for a single-phase, 120/240-volt, 3-wire system and a 3-phase 208Y /120-volt, 4-wire sys- 
tem or a single-phase, or a 3-wire system derived from a 208Y /120-volt 3-phase system. Equipment and cir- 
cuits operating at 277 volts would be considered in the determination of the maximum unbalanced load for 
a 3-phase 480Y /277-volt, 4-wire system. 

It is not uncommon in commercial, industrial, or farm buildings for the load to operate mostly at the 
higher voltage and not utilize the neutral conductor. The load in the building requiring a neutral conductor 
may be very small. A single-phase, 120/240-volt 3-wire service to a building may supply several 240-volt 
single-phase motors. Lighting and receptacles are needed only for servicing the equipment in the building. 
In this case, the unbalanced load will be very small compared to the rating of the service disconnecting 
means. NEC® 230.42(C) sets a lower limit to the size of the neutral, regardless of how small the expected 
neutral load. The neutral conductor is not permitted to be smaller than the size specified in 250.24(C)(1), 
which specifies the size to be found in Table 250.66. The following example illustrates the method of find- 
ing the minimum neutral conductor size for a building with a small unbalanced load: 


Example4.9 A building is supplied with a 400-ampere, 3-phase, 208Y /120-volt, 4-wire service with 
the ungrounded conductors size 500 kcmil copper. The maximum calculated unbalanced load for this 
building is 20 amperes. Determine the minimum size copper neutral conductor for the service. 


Answer: Look up the minimum size neutral conductor in Table 250.66. The neutral is not permitted 
to be smaller than the minimum size grounding electrode conductor for the service. T he minimum neu- 
tral size is 1/0 AWG copper. 


Article 220, Part V, covers the methods of determining the demand loads for farm buildings. These 
methods use amperes for the calculations, where the methods of the previous parts of Article 220 use volt- 
amperes. It is important to keep in mind that amperes at 120 volts are different than amperes at 240 volts for 
the purpose of making a service calculation for a farm building. It is suggested that all loads be converted to 
a 240-volt basis. For example, assume there are lighting circuits that draw a total of 26 amperes at 120 volts. 
When making the service calculation of 220.102, consider this lighting load as 13 amperes at 240 volts. 
Conversion of a farm building 120-volt demand load to a 240-volt basis is illustrated in Figure 4.4. 


NEC® 220.102 

FARM BUILDING DEMAND LOAD 

LOAD 120 VOLTS 240 VOLTS 
RECEPTACLES 22AMPERES (11 AMPERES) 
LIGHTING 26 AMPERES (13 AMPERES) 
(TIMES 1.25) 

MOTOR 3.6 AMPERES (1.8 AMPERES) 
TOTAL (25.8 AMPERES) 


Figure 4.4 Farm building feeder demand loads are determined as current in amperes on a 240-volt basis. 
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Table 220.102 refers to loads that operate simultaneously and other loads. When calculating the 
demand load for a farm building, make a list of loads that will operate at the same time. For a milking barn, 
add up all equipment and lighting that will operate when cows are being milked. This will be the load that 
operates simultaneously. M ake a second list of equipment, receptacles, and lighting that will normally oper- 
ate at other times. This is equipment that is considered other load. Finally, identify any equipment that can- 
not operate when other equipment is operating. That equipment can be deleted from the calculation because 
of 220.60. An example would be the milk tank washer in a milk house. The washer certainly will not be in 
operation when there is milk in the tank and the cooling compressor is operating. A control system may pre- 
vent some equipment from operating at certain times when other equipment is operating. NEC*® 220.102 
requires that loads that operates simultaneously be taken at 100% in the calculation. Remember to multiply 
the largest motor current by 1.25 in the calculation. 

A group of farm buildings, often including the dwelling, is generally supplied power from a central 
electrical distribution point. This may be a service at one building or it may be a service or disconnect, called 
a site isolation switch, at a central location. A common practice for a farm is to provide a meter pole, as 
shown in Figure 4.5, which shall have aminimum ampere rating determined by using 220.103. R equirements 
for equipment at the central distribution point are covered in Article 547. Overhead feeders or underground 
feeders will run from the central distribution point to the various buildings. 

Article 220, Part IV, describes alternative methods of making the service and feeder calculations 
instead of the method of Article 220, Part II]. NEC® 220.82 is an optional calculation method for a single- 
family dwelling. NEC ® 220.83 deals with the special case of an addition to an existing dwelling. This method 
can be used to determine if an addition to an existing dwelling will require an increase in the size of the ser- 
vice entrance. NEC® 220.84 is the optional method for determining the demand load for a multifamily 
dwelling. This method cannot be used unless each living unit is equipped with electric cooking and either 
air-conditioning or electric heat or both. 

Article 230 covers the requirements for the rating and installation of services. A service is defined as 
the conductors and equipment that deliver electrical energy from the utility to a wiring system. The Code 
does not specifically define the components that make up a service, but Article 230 does set some specific 
requirements and provide rules for sizing service components. Figure 4.6 is shown as two services— one with 
the overcurrent protection as an integral part of the disconnecting means (circuit breaker) and one with the 
overcurrent protection located adjacent to the disconnecting means (fusible switch). The service conductors 
are protected from overcurrent on the load end of the conductors. For other electrical installations, the con- 
ductors are protected from overcurrent at their supply end. The service conductors are connected directly to 
a utility system and the current that will flow during a ground fault or a short circuit is limited only by the 
impedance of the utility system. NEC ® 230.66 requires that equipment used as a part of a service be rated as 


POWER SUPPLIER 


SERVICE DROP MINIMUM SIZE, NEC ® 220.103 


CENTRAL DISTRIBUTION POLE 


KWh METER eal NEC®547.9 OVERHEAD FEEDER 

| |TO BUILDING FOR SINGLE CONDUCTORS 
ON INSULATORS, SEE TABLE 310.17, 
MULTIPLEX CABLE, TABLE 310.20 


NEC® 230.31 UNDERGROUND FEEDER 
TO BUILDING FOR MINIMUM SIZE, 


SEE TABLE 310.16 


Figure 4.5 A center distribution pole provides a location for metering and a distribution point for conductors 
supplying power to farm buildings. 
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COMPONENTS OF A TYPICAL SERVICE 


i i 


Vs SERVICE ‘2 
GROUNDED «| CONDUCTOR SIZE L 
CONDUCTOR NEC ® 230.42 
N DISCONNECT 
“— ENCLOSURE” i 
wanveonowna | [| LCL +—j—jassconnecr, | 1] fff --p 
JUMPER ~| #7 DISCONNECT 
NEC® 25028 1 PROTECTION 5 J +\_AND OVERLOAD 
NEC* 230.70, PROTECTION 
230.79, 230.90(A), SEPARATE 
230.91 NEC ® 230.70, 
GROUNDING ELECTRODE 230.79, 230.90(A), 
CONDUCTOR MAIN BONDING 230.91 
NEC ® 250.24 JUMPER 
: , : , NEC® 250.28 
METAL WATER PIPE METAL WATER PIPE 
UNDERGROUND UNDERGROUND 
GROUND  =NEC* 250.50 GROUND NEC® 250.50 
ROD ROD 
NEC® 250.52 NEC® 250.52 


Figure 4.6 Components that make up a typical service are the service conductors, the disconnect enclosure, the 
disconnecting means for the ungrounded conductor, overload protection for the ungrounded conductors, a 
grounding electrode, a grounding electrode conductor, and if the system has a grounded conductor, a main bond- 
ing jumper. 


suitable for use as service equipment. This designation will be marked on the enclosure label. In addition, 
110.9 requires the equipment to be capable of interrupting whatever level of fault current that may be avail- 
able from the utility supply to the service equipment. 

The components that make up a typical service are the service conductors, the disconnecting means, 
the service conductor overcurrent protection, the grounding electrode and the grounding electrode conduc- 
tor, and the main bonding jumper. T hese parts are pointed out in Figure 4.6. The function of the disconnecting 
means is to disconnect all conductors in a building from the service-entrance conductors. Each ungrounded 
service conductor is required to be provided with overload protection. Each service is required to have the 
grounded conductor connected to a grounding electrode. In the case of an ungrounded system, the metal dis- 
connect enclosure is required to be connected to a grounding electrode. The load to be supplied by the serv- 
ice is determined using the methods described in Article 220. The disconnecting means is required to have 
a rating not less than the calculated demand load. The service conductors are required to have an allowable 
ampacity not less than the demand load. If the disconnect rating and overcurrent device rating are larger than 
required, then the service conductor size must be increased until 230.90(A) is satisfied. 

If aserviceis supplied with only one overcurrent device, then 230.90(A) requires the conductor to have 
an allowable ampacity not less than the rating of the overcurrent device. The conductor may have an allow- 
able ampacity less than the rating of the overcurrent device, according to 240.4(B). Example 4.2 illustrates 
the sizing of service conductors. NEC® 230.71(A) permits a set of service conductors to terminate in up to 
six individual disconnecting means. These disconnects can be grouped together or they can be six switches 
or circuit breakers in a single enclosure. NEC® 408.36(B) Exception permits up to six switches or circuit 
breakers in a power panelboard to serve as the service disconnecting means. W hen there are more than two 
disconnecting means for a service, 230.90(A) Exception 3 permits the individual overcurrent devices to add 
up to more than the allowable ampacity of the service conductors. This is illustrated in Figure 4.7. NEC® 
230.42(A) requires the service conductors to have an allowable ampacity not less than the calculated demand 
load for the service. 
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NEC® 230.71 UP TO SIX DISCONNECTS 
r) PERMITTED FOR A SERVICE 


SEPARATE DISCONNECTS GROUPED ARE PERMITTED 


QQ 
P\Q 


LS EXAMPLE ASSUMES EACH 100 AMPERES 


A ie 
MUST BE RATED 


AS A POWER PANEL 
EXAMPLE ASSUMES NEC ® 408.36 EXCEPTION 
EACH 100 AMPERES 


FOR EXAMPLE ASSUME DEMAND LOAD IS 410 AMPERES 


Figure 4.7 A service is permitted to consist of up to six disconnecting means grouped in one location, or located 
in a single panelboard if it qualifies as a power panelboard. 


Example 4.10 A service has a calculated demand load of 410 amperes. The service conductors 
terminate at six disconnecting means arranged in one location that add up to a combined rating of 
600 amperes. Determine the minimum size copper conductors for this service. 


Answer: When there are more than two disconnecting means for a service, itis permitted to size the 
conductors not less than the calculated demand load. Exception 3 of 230.90(A) permits the overcurrent 
devices to total more than the ampacity of the conductor. NEC ® 230.42 only requires the conductors to 
be capable of supplying the load. Look up a conductor in the 75° C column of Table 310.16 and get 
size 600 kcmil. 


In the case of a service for a single-family dwelling supplied with a 120/240-volt, single-phase, 3-wire 
service, it is permitted to size the conductors according to Table 310.15(B)(6). This requirement is found in 
Exception 5 of 230.90(A). This rule applies in the case of 120/240-volt, single-phase, 3-wire, single-family 
dwellings only. The rule is permitted to be applied in the case of service conductors to individual living units 
of two-family dwellings and multifamily dwellings. Rather than looking up the minimum conductor size in 
Table 310.16, the minimum size is found in Table 310.15(B)(6). This rule applies only to the ungrounded 
service conductors. In the case of the neutral conductor, once the maximum unbalanced load is determined, 
the minimum neutral conductor size is found in Table 310.16. 

Article 230 provides rules and specifications for the installation of services. For example, clearances 
of service-drop conductors and open-service conductors are found in 230.24. A typical service supplied by 
an overhead service drop is illustrated in Figure 4.8. The general rule is that one set of overhead service-drop 
or underground-service lateral conductors supplies only one set of service-entrance conductors. Exceptions 
to this rule are found in 230.40. Wiring methods permitted for service-entrance conductors are found in Part 
IV. The rules for the location of the service disconnecting means is found in 230.70. The service disconnect 
is permitted to be located inside the building but as near as practical to the point where the conductors enter 
the building. The service disconnect is permitted to be located outside of the building, and it is not required 
to be located near the point where the conductors enter the building. The disconnect is even permitted to be 
located outside and off the actual building as long as itis readily accessible. Part VIII provides rules for serv- 
ices with conductors operating at more than 600 volts. 

A disconnecting means inside a building is required to be installed near the point where supply con- 
ductors enter the building or structure. The point where the conductors are considered to enter the building 
is important. Service conductors considered to be outside the building are covered in 230.6. In the case of 
outside branch-circuits and feeders, 225.32 makes reference to 230.6 for the determination of whether the 
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SERVICE HEAD, 


< NEC ® 230.54 
' « SERVICE MAST SUPPORT, 
SERVICE ee 2 NEC 230.28 
NEC ® 230.23 
CLEARANCES, im 
NEC ® 230.24 AND 230.26 
SERVICE ENTRANCE CONDUCTOR 
MINIMUM SIZE, NEC ® 230.42 
SUPPLEMENTAL GROUNDING in| MAIN BONDING JUMPER, 
ELECTRODE, NEC ® 250.53(D)(2) NEC® 250.28 
SERVICE DISCONNECT LOCATION, 
NEC ® 230.70 
MINIMUM RATING, NEC® 230.79 
+—— WORKING SPACE, NEC®110.26 
METAL WATER PIPE AS 
E+ GROUNDING ELECTRODE, 


NEC ® 250.50 


Figure4.8 Information needed for sizing and installing components of a service entrance is found in Article 230 
and Article 250. 


conductors are considered to be inside the building or structure. Conductors run under a building or struc- 
ture and under a minimum of 2 in. (50 mm) of concrete are considered to be outside of the building. Since 
a concrete floor is generally about 4 in. thick (100 mm), service or feeder conductors run in raceway under 
a concrete floor are not considered to be in the building until the conductors emerge up though the floor. As 
illustrated in Figure 4.9, service or feeder conductors run in Rigid Metal Conduit, Intermediate M etallic 
Conduit, Rigid Nonmetallic Conduit, or Liquidtight Flexible Conduit listed for direct burial are considered 
outside the building if buried to a depth of not less than 18 in. (450 mm). In this case, a concrete cover is not 
required. This rule may be useful for a dirt floor farm building or commercial building. Service or feeder con- 
ductors entering a basement where it is necessary to pass under a portion of a building that only has a crawl 


NEC ® 230.6(4) CONDUCTORS 
CONSIDERED OUTSIDE 
OF BUILDING 


LESS THAN 2 IN. 
(50 MM) CONCRETE 


SEE NEC ® 300.5 
FOR DEPTH 


a 


+ (l 
bel / | = 


CONDUCTORS IN 18 IN. MINIMUM DEPTH 


CONDUIT oO eM) 
(RMC, IMC,RNC) 
Figure 4.9 Conductors installed under a building with a minimum earth cover of 18 in. (450 mm) are consid- 
ered to be outside the building. 
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NEC ® 230.70(A)(1) 
DISTANCE FROM THE BUILDING 
NOT SPECIFIED 
~< > 


| INSTALLATION 


MONITORED BY 
BUILDING SERVICE QUALIFIED 
<——_ DISCONNECT | 
i PANELBOARD pete 


WITH NO MAIN DISCONNECT 


FEEDER, NEC ® 225.32 EXCEPTION 1 | 


Figure 4.10 The service disconnecting means for a building is permitted to be located outside of the building. 


space is permitted by this rule. The depth of burial of the conduit below the surface of the earth is required 
to be not less than 18 in. (450 mm). Conductors run in conduit that is encased in at least 2 in. (50 mm) of 
concrete or brick are also considered to be outside the building even though this encasement may be run 
through a portion of the building. Vaults constructed to the specifications of Part III of Article 450 are also 
considered to be outside the building or structure. 

The service disconnecting means is permitted to be located inside the building or structure. If it is 
located inside the building or structure, it is required to be located as close as practical to the point where the 
conductors enter the building. The service disconnecting means is permitted to be located outside the build- 
ing, in which case it is not required to be located near the point where the conductors enter the building or 
structure. It is even permitted to be located off the building as shown in Figure 4.10, and no distance from 
the building is specified. Whether the service disconnecting means is located off the building, or at some 
point on the outside of the building but away from the point of entry of the conductors to the building, the 
conductors on the load side of the service disconnecting means are considered feeder conductors. A ccording 
to 225.32, a disconnecting means is required to be located near the point of entry of the feeder conductors 
to the building, either inside or outside. A disconnecting means at the point of entry of the feeder conductors 
to the building can be omitted if the conditions of Exception 1 of 225.32 are met and the installation is mon- 
itored by a qualified individual. 

Annex D provides detailed examples to show the intent of the Code in determining the size of services 
and feeders and how to determine the minimum number of branch-circuits required for some installations. 
The notes at the beginning of Annex D state that the nominal voltages of 120, 208, and 240 shall be used to 
make calculations. They also state that when making calculations, fractions of amperes may be rounded 
down when the fraction is less than 0.5 amperes and rounded up when the fraction is 0.5 amperes and larger. 
This is also stated in 220.5(B). The notes also state that when a calculation for ranges results in a fraction of 
a kilowatt or kilovolt-ampere, it is permitted to round down if the fraction is less than 0.5. Table 4.1 is a sum- 
mary of the type of calculations found in the examples. 

Several examples of service and feeder calculations are included in Annex D of the Code. These exam- 
ples are helpful in understanding the methods of Article 220. There are two variations of Example D1, which 
is of a single-family dwelling using the method of Article 220, Part III. Example D2 is the optional calcula- 
tion method of 220.82 for a single-family dwelling. There are three different variations of this example. 

Example D3 is the service calculation for a commercial store building. This is an important example 
because it illustrates the use of the 1.25 factor for continuous loads. It also illustrates which loads are taken 
as continuous loads. R eceptacle outlets in a commercial building are not always considered continuous loads. 

Example D3 can be confusing. The service entrance main overcurrent device is required to have a 
rating not less than the noncontinuous load plus 1.25 times the continuous load. This turns out to be 135 
amperes for the example. Looking at 240.6(A) for the next standard overcurrent device rating higher than 
135 amperes results in a minimum service entrance rating of 150 amperes. K eep in mind that the Code spec- 
ifies the minimum permitted, and not necessarily the recommended size for a particular application. The 
service-entrance conductors are sized based on the same current. The allowable ampacity values listed in the 
tables of Article 310 are continuous currents. Therefore, the current used to size the conductors is the sum 
of the noncontinuous loads and 125% of the continuous loads. For Example D 3, the current used to size the 
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Table 4.1. Summary of the type of calculations found in the Examples of Annex D. 


Number of Service calculations Range 
Example branch- NEC® 220, Optional Neutral demand 
number circuits Part Ill method method calculation load 
D1(a) Yes Yes = Yes Yes 
D1(b) — — _ Yes _ 
D2(a) — — Yes Yes Yes 
D2(b) = = Yes Yes Yes 
D2(c) = = Yes = — 
D3 Yes Yes = = — 
D3(a) = Yes = Yes — 
D4(a) Yes Yes = Yes Yes 
D4(b) Yes — Yes Yes Yes 
D5(a) Yes Yes = Yes Yes 
D5(b) Yes Yes — Yes _ 
D6 — = _ = Yes 


conductors is 135 amperes. The 75°C column of Table 310.16 is used to select the minimum permitted 
service-entrance conductor size, which is 1/0 AWG, rated at 150 amperes. 

Example 3D (a) is a load calculation for a 3-phase feeder supplying an industrial building. This exam- 
ple shows how a motor load is included in the calculation. The building 3-phase load in volt-amperes is 
converted to amperes for selection of the minimum rating of the feeder and selection of the minimum con- 
ductor size. The feeder ampacity is required to be adjusted for a high ambient temperature and eight current- 
carrying wires in the raceway. This is a good example of how to apply the rules in 215.2(A)(1) to determine 
minimum feeder conductor size. 

Example D4 is for a multifamily dwelling served with a single-phase electrical system. The ser- 
vice is sized for the entire building, and a calculation of the feeder size for the individual living units is 
included. This calculation is performed using the method of Article 220, Part II! and the optional method 
of 220.84. Example D5 is a service calculation for a multifamily dwelling served with a 208/120-volt, 
3-phase electrical system. Example D6 illustrates how to determine the demand load for multiple electric 
ranges in a dwelling for the purpose of determining the size of service-entrance conductors or feeder 
conductors. M ethods are described for determination of the load on the service neutral in several of the 
examples. There are also several calculations to determine the minimum number of lighting and recep- 
tacle branch-circuits. 


SAMPLE CALCULATIONS 


Examples of calculations of service entrances are included in this section to supplement the examples 
of Annex D. The examples in the Code should be studied with these service calculations. 


Example of a Commercial Service Calculation 


A store has an area of 3850 sq. ft (357.8 m’). There are 70 receptacle outlets and 1400 watts of outside 
lighting, which may operate during store hours. There is also an outside electric sign. The store also contains 
three refrigerated coolers with 240-volt, 1/2-horsepower, single-phase motors and a walk-in cooler with a 
3-horsepower, 240-volt, single-phase motor. The central furnace has a 3/4-horsepower, 240-volt, single-phase 
motor on the blower. 


1. Determine the noncontinuous, continuous, and motor load for the store to be used to size the unground- 
ed service-entrance conductors and main overcurrent protection. 

Before proceeding with the calculation of the demand load for this store building, read 215.2(A)(1) and 
230.42(A). The overcurrent device rating protecting the service-entrance conductors shall have an ampacity 
not less than 100% of the noncontinuous load, plus 125% of the continuous load. It is required that the feeder 
conductors be sized to carry 125% of the continuous load. The demand load used for determining the 
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minimum size ungrounded conductors for the service is 125% of the continuous load, plus 100% of non- 
continuous loads. 


Noncontinuous loads: 
Receptacles (NEC® 220.14(1) and 220.44) 
70 x 180 VA =12,600 VA 


First 10 kVA at 100% = 10,000 VA 
Remainder over 10 kVA at 50% = — 1,300VA 
Total noncontinuous load 11,300 VA 
Continuous loads: 
General lighting load (NEC® 220.12) 
3850 ft? x 3 VA/f = 11,550 VA 
(357.8 m2 x 33 VA/m?) =  (11,807VA) 
Outside sign circuit (NEC ® 220.14(F) and 600.5(A)) 
Not specified, so use minimum = 1,200 VA 
Outside lighting 
1,400 VA = 1,400 VA 
Total continuous load 14,150 VA 
(metric total) (14,407 VA) 
M otor loads (NEC ® 220.14(C) and 430.24) 
3 hp 240V X17A X 1.25 = 5,100 VA 
l2hp 240V x 4.9A x 3 motors 7 3,528 VA 
3/4hp 240V x 6.9A = 1,656 VA 
Total motor load 10,284 VA 


2. Determine the minimum rating permitted for the overcurrent device protecting the service-entrance con- 
ductors, assuming one circuit breaker or set of fuses is protecting the ungrounded conductors. 

According to 215.3, the minimum permitted rating of the single overcurrent device protecting the 
service-entrance conductors shall be not less than the noncontinuous load plus 125% of the continuous 


load. 
Noncontinuous load 11,300 VA 
Continuous load, 14,150 VA x 1.25 = 17,688 VA (18,009 VA) 
M otor load 10,284 VA 
Total 39,272 VA (39,593 VA) 
SO2TENE SAGuik (165 A) 
240 V 


The next higher standard rating of overcurrent device listed in 240.6(A) is 175 amperes, but from a 
practical standpoint, the size of main overcurrent device in a panelboard used as service equipment for this 
building would be 200 amperes. 


3. Determine the minimum permitted size of ungrounded conductors for the service entrance to this store 
building, assuming that the conductors are copper with 75°C insulation and terminations and a single service- 
entrance main overcurrent device rated at 200 amperes. 

The demand load for determining the minimum size service-entrance conductors is the same used for 
determining the rating of the service, 215.2(A)(1). The minimum size copper conductor, with 75°C insula- 
tion and terminations permitted for the calculated demand load of 164 amperes (165 A), is size 2/0 AWG as 
determined using Table 310.16 and 240.4(B). But the maximum overcurrent device permitted for this con- 
ductor is 175 amperes. Therefore, the minimum permitted size of service-entrance conductors when the main 
overcurrent device is 200 amperes is size 3/0 AWG copper with 75°C insulation. 

If according to 230.90, Exception 3 there were two to six overcurrent devices rather than only one 
main overcurrent device, then the service-entrance conductor would only have to be sized to carry the load 
of 164 amperes. In that case, the minimum permitted copper service-entrance conductor size with 75°C 
insulation and terminations would then be size 2/0 AWG. 
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4. Determine the minimum permitted size of neutral service conductor for the store, assuming that the con- 
ductor is copper with type THWN insulation. 

The minimum size of neutral conductor permitted for this service is determined by the rules of 220.61. 
The maximum unbalanced load is 50% of all line-to-neutral load in the case of a 3-wire, single-phase and 
34% of line-to-neutral load in the case of a 4-wire wye, 3-phase system. 


Total noncontinuous load 11,300 VA 
Total continuous load 14,150VA x 1.25 = 17,688 VA 
(metric total) (14,407VA) (18,009 VA) 
Total 28,988 VA (29,309 VA) 
AEN, 2d (122 A) 
240 V 


The minimum size neutral conductor permitted is 1 AWG, with 75°C insulation and terminations. It 
may be necessary to check to see if this is smaller than the minimum permitted neutral conductor size, 
according to 230.42(C). 


5. Establish a grounding electrode and determine the minimum copper grounding electrode conductor size 
permitted. See U nit 5 for more information. 

Select an available electrode from 250.52. If a metal underground water-pipe is used, then supplement it 
with one additional electrode (250.53(D)(2)). The minimum size grounding electrode conductor is found in 
Table 250.66. If the only electrode available is a rod, pipe, or plate, then the minimum size required is size 
6 AWG copper. In this example of a 200-ampere service, the minimum size bare copper grounding electrode 
conductor is 4AWG. 


6. Determine the minimum number of 20-ampere, 120-volt general lighting circuits for the inside of the store. 
Continuous load is considered because the rating of the circuit is the size of overcurrent protection. The over- 
current device is not permitted to be loaded continuously at more than 80% of the overcurrent device rating. 
The minimum number of general illumination branch-circuits is determined based on the actual lighting load 
even if it is less than the calculated load based on 220.12. The actual general illumination load was not stated 
in the problem, so the calculated value will be used to determine the minimum number of lighting circuits. 


11,550 x 1.25 = 14,438 VA 
(11,807 x 1.25 =14,759 VA) 


14438VA 199 4 AGTSIVA 1934 
120V 120V 
ao = 6 circuits — ale = 6.14 circuits 
20A / circuit 20A / circuit 


7. Determine the minimum number of 20-ampere, 120-volt receptacle circuits for the store. Some inspectors 
may judge a receptacle circuit to be a continuous load; however, this issue is not clear in the Code. It depends 
on the use of the circuit. For this example, we will consider the receptacle load to be a noncontinuous load. 
A minimum of six circuits is required. 


12,600 VA_ = 105 amperes 
120V 

= oe -- = 5.25 circuits 

20A / circuit 


Example of a Single-Family Dwelling Demand Load 


A single-family dwelling has a living area of 1800 sq. ft (167.3 m’), and the dwelling is to contain the 
following appliances at the time of construction: 
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Electric range 240 V 14 kW 
Microwave oven (built-in) 12A 120V 
Electric water heater 240 V 6 kW 
Dishwasher 120V 1.8 kW 
Clothes dryer 240 V 5 kW 
Water pump 8A 240 V 
Food waste disposer 7.2A 120V 
Baseboard electric heat (8 total units) 240 V 15 kW 
Air-conditioner 3at8A 240 V 


1. Determine the service demand load using the method of Article 220, Part Ill. 
General lighting load (220.12) 


1800 f? x 3 VA/ft? = 5,400 VA 
(167.3 m? x 33 VA/m? = 5521 VA) (5,521 VA) 
Small-appliance circuits (220.52(A)) 
2 x 1500VA = 3,000 VA 
Laundry circuit (220.52(B)) 
1 xX 1500 VA = 1,500 VA 
Subtotal (220.42, 220.52) 9,900 VA 
(10,021 VA) 
First 3000 VA at 100% 3,000 VA 
Remainder at 35% 2,415 VA 
(2,457 VA) 
Electric range (Table 220.55) 8,800 VA 
Electric space heating (220.51) 15,000 VA 
Air conditioning (220.60) 
3x 8A =24A 
24A X 240 V =5760VA OVA 
Clothes dryer (220.54) 
5 kW at 100% 5,000 VA 
Other appliances (220.53) 
Microwave oven (built-in) 
12A x 120V = 1,440 VA 
Electric water heater = 6,000 VA 
Dishwasher 1,800 VA 
Water pump (430.24) 
8A X 240V x 1.25= 2,400 VA 
Food waste disposer 
7.2A X120V = 864 VA 
Subtotal 12,504 VA 
12,504VA x 0.75 = 9,378 VA 
Total demand load 43,593 VA 
Service load (43,635 VA) 
43,593 VA 


— = -— = 182 amperes 


2. Determine the minimum size neutral conductor for the service entrance. The rule for sizing the neutral is 
found in 220.61. 


General lighting, small-appliance, and laundry load 5,415 VA 
(5,457 VA) 
Electric range 8800 VA x 0.7 = 6,160 VA 
Electric clothes dryer 5000 VA x 0.7 = 3,500 VA 
Other electric appliances 
Microwave oven (built-in) 1,440 VA 
Dishwasher 1,800 VA 
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Food waste disposer 


7.2A X120V = 864 VA 
4,104 VA 
Total 120-volt load (unbalanced load) 19,179 VA 
Unbalanced load (19,221 VA) 
ee 80 amperes 
240 V 


Optional Dwelling Service Calculation 


The optional method of determining demand load for a single-family dwelling usually, 220.82, results 
in a smaller value than the previous method in 220, Part III. The minimum size service wires, however, is 
100 amperes. 


Electric space heater 15,000 x 0.4= 6,000 VA 
(Each room separately controlled 220.82(C)(6)) 
Air conditioner (NEC® 220.82(C)) OMIT 
General lighting load 
1800 ft? x 3 VA/ft = 5,400 VA 
(167.3 m? x 33 VA/m?=) (5,521 VA) 
Small appliance circuits 
2 x 1500 VA = 3,000 VA 
Laundry circuit 
1 x 1500 VA = 1,500 VA 
Electric range 14,000 VA 
Clothes dryer 5,000 VA 
Microwave oven (built-in) 1,440 VA 
Electric water heater 6,000 VA 
Dishwasher 1,800 VA 
Water pump 2,400 VA 
Garbage disposer 864 VA 
Subtotal 41,404 VA 
(41,525 VA) 
Apply the demand factors of NEC ® 220.82: 
First 10 kVA of all other load at 100% 10,000 VA 
Remainder of other load at 40% 
31,404VA x 0.4= 12,562 VA 
(31,525 VA x 0.4 =) (12,610 VA) 
Total load 28,562 VA 
Service load (28,610 VA) 
28,562 VA 


—-——- = 119 amperes 


Note: Earlier, the demand load was determined to be 182 amperes. The minimum neutral size is determined 
using 220.61, as shown earlier. 


Farm Building Demand Load 


A hog-farrowing barn contains outlets for twenty heat lamps at 250 watts each, six 2-lamp, 32-watt 
fluorescent water-tight luminaires that draw 0.5 amperes each at 120 volts, and three electric fans operating 
at 240 volts: 1/6 horsepower, 2.2 amperes; 1/4 horsepower, 2.9 amperes; and 4/2 horsepower, 4.9 amperes. In 
addition, there are eight general-purpose, 120-volt receptacle outlets. 


1. Determine the minimum service demand load for the building. All loads are considered to operate simul- 
taneously except the general-purpose receptacle outlets. The heat lamps are considered a continuous load. 
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The 120-volt heat lamp, receptacles, and lighting loads are divided by 240 volts rather than 120 volts, 
because all amperes for the service calculation must be on a 240-volt basis. 


Loads operating simultaneously 


Heat lamps 20 x 250W x 1.25 _ 26.0A 
240 V 
Lights 6x 0.5A x 120V x 125 _ 19A 
240 V 
Fans 
49A X1.25= 6.1A 
2.9A = 2.9A 
2.2A = 2.2A 
39.1A 
Other loads: 
Receptacles 8 x 180VA 6.0A 
240 V 
Loads operating simultaneously 100% 39.1A 
Other loads, but not 6.0A 
less than first 60 amperes of all loads at 100% =o 
Total load 45.1A 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Article215 Feeders 


215.2(A )(1) Exception 2: The minimum size of ungrounded feeder conductor is based on the sum of the non- 
continuous load and 125% of the continuous load. It is the overcurrent device that requires the con- 
tinuous load to be increased by 25%, and therefore, the minimum conductor size must be based upon 
the same ampere rating as the overcurrent device. M ost of the time, the neutral or grounded conductor 
is not protected by an overcurrent device, and this 25% adjustment for continuous load is not neces- 
sary. This new exception recognizes this point and now makes it clear that if the grounded conductor 
is not connected to an overcurrent device, the ampere rating and size need only be based upon 100% 
of the load including continuous load. This new rule is illustrated in Figure 4.11. It is important to note 
that this rule applies to branch circuits and feeders, but it does not apply to service entrance conduc- 
tors, 230.42. The following example of a feeder within a building will illustrate how this new excep- 
tion applies in the case of a commercial building. 


Example 4.11: A portion of a retail store is supplied from a single-phase, 120/240 volt, 3-wire sub- 
panel. The load on the feeder supplying the subpanel consists of 16,200 VA of lighting (continuous 
load) and 12,200 VA of receptacles (noncontinuous load). Determine the minimum size copper 
ungrounded, and grounded conductors permitted for this feeder. 


Answer: The ungrounded conductors are required to have an ampere rating not less than necessary to 
supply 125% of the continuous load (1.25 x 16,200 VA = 20,250 VA). The ungrounded conductors also 
must carry 100% of the noncontinuous load (12,200 VA ). The total load on the ungrounded conductors is 
32,450 VA, which divided by 240 volts gives 135 amperes. Since this is more than 100 amperes, the 
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EXCEPTION DOES NOT APPLY TO SERVICE GROUNDED CONDUCTOR 


215.2(A)(1) EXCEPTION 2 PERMITS GROUNDED 
WIRE TO BE SIZED AT 100% OF CONTINUOUS AND 
NONCONTINUOUS LOADS 


FEEDER 


UNGROUNDED WIRES SIZED AT 
125% OF CONTINUOUS LOAD 

AND 100% OF NONCONTINUOUS 
LOAD 


Figure 4.11 A feeder-grounded conductor (neutral) shall be sized not less than the calculated load, and not 
smaller than the equipment grounding conductor required for the feeder based on Table 250.122. 


insulation and terminations are required to have a 75°C rating unless otherwise marked. The minimum 
ungrounded feeder wire size for this load is 1/0 AWG copper. The grounded conductor is only required to 
have an ampere rating of 100% of both the continuous and noncontinuous loads, which is 28,400 VA 
(16,200 VA +12,200 VA) This load is assumed to be equally distributed on both ungrounded conductors; 
therefore, divide by 240 volts to get the unbalanced load on the neutral, which is 118 amperes. The mini- 
mum neutral conductor size for this feeder is 1 AWG copper. 


215.6: This is a new sentence that is intended to remove a conflict between this section and the Exception 
to 250.32(B). Itis really not a change. It deals with the case where a feeder supplies one building from 
another where conditions are such that the grounded conductor (neutral) is acting also as the equip- 
ment grounding conductor. At the second building, the neutral is bonded to the frame of the entrance 
enclosure and also connected to a grounding electrode. See Figure 5.5 in the next unit. This section 
requires an equipment grounding conductor to be run as a part of the feeder. When a building is sup- 
plied with a feeder according to 250.32(B) Exception, this section was making a conflicting require- 
ment. If the neutral is acting as the equipment grounding conductor, a separate equipment grounding 
conductor is not permitted to be run with the feeder. 

215.12(C): This section requires feeders of different electrical systems serving the same building to be iden- 
tified at terminations, connecting points, and splices. Now it is required to label the feeder wires by 
phase as well as label the feeder by system. It was also required that a directory stating the method of 
system and phase identification be placed at each feeder panelboard, or similar equipment. Now the 
identification directory is permitted to be placed on file at a readily available location. 


Article 220, Parts III, 1V, andV Feeder and Service Calculations 


220.52(A): This section mandates a load of 1500 VA for each dwelling small appliance branch circuit. 
Instead of stating that for each small appliance branch circuit “required” by 210.11(C)(1), it now uses 
the terms “as covered by” 210.11(C)(1). The point is to clear up an ambiguity in the meaning of this 
section. In 210.11(C)(1) it is required that there be a minimum of two small appliance branch circuits. 
It was taken to mean by many that when this section was applied that the small appliance load was 
included in a service or feeder calculation as amaximum of 3000VA, no matter how many small appli- 
ance branch circuits were installed. That apparently is not the intent. If more than the minimum num- 
ber of small appliance branch circuits are installed, then 1500 VA is required to be included in the serv- 
ice or feeder calculation for each branch circuit. If, for example, in a dwelling the owner wanted three 
extra branch circuits for the kitchen, diningroom and similar areas requiring small appliance branch 
circuits rather than the minimum of two, then all would be required to be included in the calculation 
at 1500 VA. For this example with five small appliance branch circuits, 7500 VA would be required to 
be included in the feeder or service calculation. An example of more than the minimum number of 
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220.52(A) REQUIRES THAT EACH SMALL APPLIANCE BRANCH 
CIRCUIT INSTALLED BE COUNTED IN THE SERVICE OR FEEDER 
CALCULATION AS 1500 VA 


LIVING 
GARAGE ROOM | 
=~ 
OO 
UTILITY KITCHEN |OO DINING 
ROOM ROOM 
n= | U 


Figure 4.12 When a single-family dwelling service load calculation is performed using the optional method of 
NEC® 220.82 and there is a heat pump with supplemental electric heating, the supplemental heating can be taken 
at a demand factor of 65% . 


small appliance branch circuits is shown in Figure 4.12. None of the dwelling service calcula- 
tions in Annex D of the Code have more than two small appliance branch circuits. 

This rule also applies in the case of additions to an existing dwelling as covered in 220.83(A) 
and for the single-family dwelling optional service calculation 220.82(B). This rule also applies 
in the case of the multi-family dwelling optional calculation, 220.84(C). 

220.52(B): This paragraph requires 1500 VA to be included in a dwelling feeder or service calculation 
for each laundry branch circuit installed. If a dwelling has two separate areas where laundry 
appliances are located, then it would be required to include 1500 VA for each area in the feeder 
or service calculation. If two washers were installed at one location, it would be necessary to 
have two circuits to handle the load, and then 3000 VA would be required to be included in the 
feeder or service calculation. This rule also applies in the case of an addition to an existing 
dwelling, 220.83(A), for the dwelling optional service calculation, 220.82(B), and the optional 
multifamily dwelling calculation, 220.84(C). 


Article 230 Services 


230.44 Exception: Cable trays are permitted to support service entrance conductors, and generally only 
service conductors are permitted in the cable tray when it is used for that purpose. The exception 
permits other conductors to also be installed in the same cable tray with the service conductors, 
but a solid fixed barrier is required between the service conductors and the other conductors. The 
change in this exception deals with identification of the service conductors. A permanent label 
with the words “Service Entrance Conductors” is required to be installed at intervals along the 
cable tray to make the service conductors readily traceable. An example is shown in Figure 4.13. 

230.53: This section specifies the requirements for raceway that is located such that it is exposed to the 
weather. The word “raintight” was removed. Raceways are not listed as raintight; they are listed 
as suitable for use in wet locations. An area outside exposed to the weather is considered a wet 
location. There were interpretation problems in the past when a raintight listing was required and 
raceways with such listings are not available. 

230.54: This section places requirements on service heads for raceway and cable. The word “raintight” 
was removed. These weather heads are listed as suitable for use in wet locations, and not listed 
as raintight. 

230.82(3): A meter disconnect switch located on the supply side of the service disconnecting means is 
now required to be capable of interrupting the load serve. This means the switch must be able to 
handle the meter load current when opened under load. 

230.82(4): This is a list of equipment and devices that are permitted to be installed on the supply side 
of the service disconnecting means. The term “transient voltage surge suppressor” was deleted 
and replaced with Type 1, surge-protective device (SPD). An SPD is a transient voltage surge 
suppressor, but the real change is that it must be listed as a Type 1, which is the type suitable for 
connection ahead of the service disconnect and overcurrent protection. 
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230.44 EXCEPTION REQUIRES 
SERVICE CONDUCTORS TO BE 
IDENTIFIED WHEN RUN IN THE 
SAME CABLE TRAY WITH 

A OTHER CONDUCTORS 


OTHER CONDUCTORS 


Figure 4.13 When service conductors are run in cable tray there shall be no other conductors in the cable tray, 
or a fixed barrier compatible with the cable tray material shall be installed to separate the service conductors 
from the other conductors. 


230.82(8): A Type 2 surge-protective device was added to the list of equipment that is permitted to be con- 
nected ahead of the service disconnect, provided it is equipped with its own disconnecting means and 
overcurrent protection. 

230.94 Exception 2: A Type 1 surge-protective device was added to the list of equipment that is permitted to 
be installed on the supply side of the service overcurrent protection. 

230.205(A ): This section specifies the location of the disconnecting means for electrical systems operating 
at more than 600 volts. This is a high-voltage switch, and now it states that the switch is permitted to 
be installed in a location that is not readily accessible. 
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WORKSHEET NO. 4— BEGINNING 
SERVICES AND FEEDER CALCULATIONS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer, or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. Service entrance cable Type SE style U is installed on the outside of a building for a 
service entrance as shown in Figure 4.14. The weather head is fastened to the side of 
the building and the cable is supported within 12 in. (300 mm) of the weather head. 
The maximum distance permitted between supports for the cable is: 

A. 18in. (450 mm). D. 3 ft (900 mm). 
B. 24 in. (60 mm). E. 41/2 ft (1.4 m). 
C. 30 in. (750 mm). 
Codereference 

2. Thecalculated demand load for the ungrounded conductors of a single-family living 
unit in an apartment building is 68 amperes. The rating of the disconnecting means 
and feeder from the meter location to the service panel in the living unit is not per- 
mitted to be less than: 

A. 70 amperes. C. 90 amperes. E. 110 amperes. 
B. 80 amperes. D. 100 amperes. 


Codereference 
3. A 5-horsepower, single-phase, 240-volt electric motor when included in a service 
calculation represents a load of not less than: (not necessarily the largest motor) 
A. 4245VA. C. 5000VA. E. 8800VA. 
B. 4820VA. D. 6720VA. 


Code reference 


WEATHER HEAD 


°o) — 
SERVICE ENTRANCE MAXIMUM 
CABLE TYPE SE —> PERMITTED 
DISTANCE? 
(of |i-—= 


Figure 4.14 Determine the maximum permitted spacing between supports for Type SE Cable used as service 
conductors. 
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Figure4.15 Determine the minimum distance permitted from the edge of a window that can be opened and open 
conductors of a service. 


4. A service-drop terminates at an insulator attached to the side of a building next to a 
window that can be opened as shown in Figure 4.15. The minimum distance from 
the edge of the window to the open conductors is not permitted to be less than: 

A. 3in.(75 mm). D. 3 ft (900 mm). 
B. 12 in. (300 mm). E. 6 ft (1.8 m). 
C. 24 in. (600 mm). 
Codereference. 

5. A 120/240-volt, 3-wire, single-phase feeder supplies a small panelboard with four 
2-wire branch-circuits where the calculated load is only 15 amperes on each unground- 
ed conductor. The minimum conductor ampacity permitted for this feeder is: 

A. 15 amperes. C. 30 amperes. E. 50 amperes. 
B. 20 amperes. D. 40 amperes. 


Codereference 
6. A single-family dwelling is served with single-phase, 3-wire, 120/240-volt service 
using aluminum conductors with 75°C insulation and terminations. The demand load 
for the dwelling is 149 amperes, and the main circuit breaker is rated 200 amperes as 
shown in Figure 4.16. The minimum size ungrounded conductors permitted for this 


service is: 
A. 1/0AWG. C. 3/0AWG. E. 250 kcmil. 
B. 2/0AWG. D. 4/0AWG. 


Code reference 


+— _ ALUMINUM CONDUCTORS 
MINIMUM SIZE? 


200-AMPERE MAIN 


[| |-— 


DEMAND LOAD 
149 AMPERES 


Figure4.16 Determine the minimum size aluminum conductors for a service with a demand load of 149 amperes, 
and terminating at a 200-ampere main circuit breaker. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


152 Unit 4 


7. A wiring method installed, suitable for the conditions but not permitted for use as a 
part of a service entrance installation, is: 

insulated conductors run in PVC Rigid Nonmetallic Conduit. 

insulated conductors run in Electrical Nonmetallic Tubing. 

M etal Clad Cable, Type MC. 

insulated conductors in Liquidtight Flexible Nonmetallic Conduit. 

Type AC Armored Cable. 


mOOD> 


Codereference 

8. In the case where a service entrance receives the source of power from an overhead 

service drop, the connection of service-entrance conductors to the service drop: 

A. has no specific requirements other than a tight connection. 

B. is required to be made above the level of the service head. 

C. shall be located below the level of the service head. 

D. is required to be formed into a drip loop and the actual connection is then per- 
mitted to be located above or below the service head. 
is only permitted to be made with an irreversible listed crimp-type connector. 


m 


Codereference 
9. A single-family dwelling has four 20-ampere, 125-volt small-appliance branch- 
circuits installed to serve the receptacle outlets in the kitchen and dining room. W hen 
calculating the service demand load for the dwelling, the minimum load that is per- 
mitted to be included for the small-appliance branch-circuits in this dwelling is: 
A. 1500VA. C. 4500VA. E. 7500VA. 
B. 6000VA. D. 3000VA. 


Codereference 
10. Service conductors are not considered outside a building when: 
A. installed on the outside surface of the building as Type SE Cable. 
B. run within an interior wall encased within 2 in. (50 mm) of concrete. 
C. installed in Rigid Nonmetallic Conduit under a building with a minimum of 
2-in. (50 mm) of concrete above the conduit. 
D. installed beneath a building in Rigid Nonmetallic Conduit with at least 18-in. 
(450 mm) of earth cover. 
E. installed within Rigid Metal Conduit under a building with a minimum 6-in. 
(150 mm) earth cover. 
Codereference 
11. A dwelling 3-wire, 120/240-volt service has a trade size 2 (53) Rigid M etal Conduit 
mast extending up through the roof overhang, as shown in Figure 4.17, with a 4-in. 
by 12-in. (100 mm by 300 mm) roof slope. The roof overhang is 20 in. If the service 
drop terminates at an insulator mounted on the mast riser, the minimum clearance 
permitted from the roof to the conductors is: 
A. 18in. (450 mm). D. 3 ft (900 mm). 
B. 24 in. (600 mm). E. 4 ft (1.2 m). 
C. 30 in. (750 mm). 
Codereference 
12. A building on a farm has a calculated load that is expected to operate simultaneously of 
92 amperes and other load of 56 amperes. These load amperes are on a 240-volt basis. 
The minimum demand load permitted for this building to be used to size the conduc- 
tors and rating of service equipment is: 
A. 106 amperes. C. 136 amperes. E. 171 amperes. 
B. 120 amperes. D. 148 amperes. 


Code reference 
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Figure 4.17 Determine the minimum distance from the roof to the open conductors when a mast riser extend- 
ing up through a roof overhang, where the roof slope is 4 in. by 12 in. (100 mm by 300 mm), and the overhang is 
not more than 4 ft (1.2 m). 


13. The calculated demand load for a commercial building served with 120/240-volt, 
single-phase power is 360 amperes. A single main 500-ampere overcurrent device is 
installed as the disconnect for the service as shown in Figure 4.18. The minimum 
size copper service-entrance conductors permitted for this service is: 

A. 500 kcmil. C. 700 kcmil. E. 800 kcmil. 
B. 600 kcmil. D. 750 kcmil. 


Codereference. 
14. A multifamily dwelling consists of eight individual living units each with a 12-kW 
electric range. The method of Article 220, Part III, is used for the load calculation 
for the service conductors for the multifamily dwelling. The minimum load permit- 
ted to be included in the calculation for the electric ranges is: 
A. 23 kVA. C. 76.8 kVA. E. 120 kVA. 
B. 64kVA. D. 96KVA. 


Codereference. 
15. A total length of 45 ft (13.7 m) of track lighting is installed in a commercial build- 
ing. For the purpose of calculating the load on the feeder supplying the track light- 
ing, the minimum load that is required to be included is: 
A. 3450VA. C. 4219VA. E. 4800VA. 
B. 3840VA. D. 4313VA. 


Code reference 


120/240-VOLT 
— AA 
SINGLE-PHASE alba tac 


etal ++ 500-AMPERE MAIN 


DEMAND LOAD 360 AMPERES 


Figure 4.18 Determine the minimum size copper conductors for a service where the single main overcurrent 
device is rated 500 amperes and the demand load is 360 amperes. 
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WORKSHEET NO. 4— ADVANCED 
SERVICES AND FEEDER CALCULATIONS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. Equipment ground-fault protection is required to be installed on the service of a 
commercial building served with a 3-phase solidly grounded: 

208Y /120-volt system greater than 1000 amperes. 

A80Y /277-volt system of any size. 

240/120-volt delta 4-wire system over 1000 amperes. 

480-volt corner-grounded delta 3-wire system 1000 amperes and larger. 

A80Y /277-volt system 1000 amperes and larger. 


mOOD> 


Codereference 
2. A commercial building has a 208Y /120-volt, 3-phase demand load of 130 amperes. 
However, the electrician installs a service with a 200-ampere main overcurrent 
device. The service conductors installed are Type THWN aluminum as shown in 
Figure 4.19. The minimum size ungrounded conductors permitted for this service is: 
A. 2/0AWG. C. 4/0AWG. E. 300 kcmil. 
B. 3/0AWG. D. 250 kcmil. 


Codereference 
3. A 208-volt, 3-phase, 5-horsepower electric motor when included in the service cal- 
culation for a commercial building is included at: (not necessarily the largest motor) 
A. 5000VA. C. 6406VA. E. 11,083 VA. 
B. 6009VA. D. 8245VA. 


Code reference 


4, The calculated demand load for a commercial building served with 120/240-volt 
single-phase power is 360 amperes. Rather than installing a single main overcurrent 
device and disconnect for the service, a 200-ampere panelboard and three 100-ampere 


208Y/120 VOLT ALUMINUM CONDUCTOR SIZE? 


in <++—_ 200-AMPERE MAIN 


DEMAND LOAD 130 AMPERES 


Figure 4.19 Determine the minimum size aluminum conductors for a 208Y /120-volt 3-phase service with a single 
200-ampere main overcurrent device and a demand load of 130 amperes. 
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Figure 4.20 Determine the minimum rating copper service conductors when there are four disconnecting means 
adding up to 500 amperes and the demand load for the service is 360 amperes. 


disconnect switches are installed in a group, as shown in Figure 4.20, and tapped from 
the service conductors entering the auxiliary gutter. The panelboard and disconnect 
switches are all rated as suitable for use as service equipment. The minimum size cop- 
per service-entrance conductors permitted for this service is: 

A. 500 kcmil. C. 700 kcmil. E. 800 kcmil. 

B. 600 kcmil. D. 750 kcmil. 


Codereference 
5. The disconnecting means for a service to a building is: 

A. required to be located only inside the building near the point of entry of the ser- 
vice conductors. 

B. permitted to be located on the outside of the building provided it is not more 
than 10 ft (3 m) from the point where the conductors enter the building. 

C. permitted to be located on the outside of the building as long as it is located 
nearest the point where the conductors enter the building. 

D. required to be located on the outside of the building, or inside, and in either 
location must be nearest the point of entry of the service conductors. 

E. permitted to be located outdoors, and not necessarily on the building. 


Codereference 
6. A commercial office building supplied with a 208Y /120-volt, 3-phase electrical sys- 
tem has a calculated demand load of 127,380 VA. If the ungrounded service con- 
ductors terminate at a single main fixed rating circuit breaker, the minimum standard 
rating permitted for this service is: 
A. 350 amperes. C. 500 amperes. E. 700 amperes. 
B. 400 amperes. D. 600 amperes. 


Codereference 

7. A single-family dwelling with a total living area of 2100 ft? (195.2 m?) is served with 
a single-phase, 120/240-volt electrical system. Appliances in the dwelling are a 
12-kW electric range and a5-kW electric clothes dryer operating at 120/240-volts, a 
3.5-kW, 240-volt electric water heater, a 1.2-kW, 120-volt dishwasher, an 800-watt, 
120-volt built-in microwave, a 4/2 horsepower, 120-volt garbage disposer, and a 
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central air conditioner with a nameplate rated-load current of 17 amperes at 240 volts. 
The minimum service demand load for the dwelling using the method of Article 220, 


Part III is: 
A. 99 amperes. C. 123 amperes. E. 137 amperes. 
B. 116 amperes. D. 133 amperes. 


Codereference 
8. For the single-family dwelling described in the previous question, the ampere rating of 
the minimum size neutral permitted for the service is: (maximum unbalanced load) 
A. 60 amperes. C. 85 amperes. E. 116 amperes. 
B. 75 amperes. D. 99 amperes. 


Codereference 

9, A commercial building is supplied with a 120/240-volt, single-phase service with 

200 amperes main overcurrent protection and size 3/0 AWG copper ungrounded 

service conductors as shown in Figure 4.21. The load in the building is primarily 

240-volt motors, and the maximum unbalanced load is only 24 amperes. Based upon 

the use of the building, additional 120-volt loads are not likely. The minimum size 

copper neutral conductor permitted for this service is: 

A. 10AWG. C. 6AWG. E. 1/0AWG. 

B. 8AWG. D. 4AWG. 


Codereference 

10. A single-family dwelling with a total living area of 2100 ft? (195.2 m) is served with a 

single-phase, 120/240-volt electrical system. Appliances in the dwelling are a 12-kW 

electric range and a 5-kW electric clothes dryer operating at 120/240 volts, a 3.5-kW, 

240-volt electric water heater, a 1.2-kW, 120-volt dishwasher, an 800-watt, 120-volt 

built-in microwave, a 1/2-horsepower, 120-volt garbage disposer, and a central air con- 

ditioner with a nameplate rated-load current of 17 amperes at 240 volts. The minimum 

service demand load for the dwelling using the optional method of 220.82 is: 

A. 74 amperes. C. 89 amperes. E. 99 amperes. 

B. 79 amperes. D. 93 amperes. 


Code reference 


UNGROUNDED CONDUCTORS 
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Figure 4.21 Determine the minimum size copper neutral for a single-phase 120/240-volt service with a 
200- ampere main, size 3/0 AWG copper ungrounded conductors and a maximum calculated unbalanced load of 
24 amperes. 
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11. A group of farm buildings is supplied from a center distribution point where the 
metering equipment and the main disconnecting means is located. The calculated 
demand loads for the individual buildings, shown in Figure 4.22, are listed. 


dwelling 74 amperes 
barn 66 amperes 
shop 36 amperes 
cattle barn 24 amperes 
storage building 20 amperes 


The minimum rating of the ungrounded conductors and equipment at the center dis- 
tribution point is: 

A. 119 amperes. C. 176 amperes. E. 220 amperes. 
B. 169 amperes. D. 193 amperes. 


Codereference 

12. Anoffice building is supplied with 208Y /120-volt, 3-phase electrical service. The office 

space in the building is 3800 sq. ft (353.2 m?). In addition to general lighting, other con- 

tinuous loads in the building are 3.8 kW of 120-volt outside lighting, and an electric sign 

figured at the minimum load. The noncontinuous load consists of 68 receptacle outlets. 

In addition, there are several motors for the air conditioner and air circulation systems 

that are to be included into the service calculation at 8546 VA. Based upon these loads, 

the minimum demand load permitted for this office building used to determine the min- 

imum service conductor size is: 

A. 35,842 VA. C. 39,086 VA. E. 43,661VA. 

B. 37,966VA. D. 42,541VA. 


Codereference 

13. A multifamily dwelling is supplied by 120/240-volt, single-phase power and has 24 
individual living units each with an electric range. Eight living units have 10-kW 
electric ranges, another eight have 12-kW electric ranges, and the remaining eight 
have 15-kW electric ranges. When the service load is determined using the method 
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DWELLING 
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CENTER DISTRIBUTION 
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SERVICE 
DROP 


Figure 4.22 Determine the minimum rating of the center distribution conductors and equipment serving farm 
building with demand loads of 74 amperes for the dwelling, 66 amperes for the barn, 36 amperes for the shop, 
24 amperes for the cattle barn, and 20 amperes for the storage building. 
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of Article 220, Part III, the minimum demand load permitted to be included in the 
service calculation for the building is: 

A. 38.20 kVA. C. 40.95 kVA. E. 42.90 kVA. 

B. 39.00 kVA. D. 42.32 kVA. 


Codereference 
14. A multifamily dwelling consists of 12 single-family living units, each with a 
1.2-kVA dishwasher. When the service load is determined using the method of 
Article 220, Part Ill, the minimum permitted demand load to be included in the ser- 
vice calculation for the building for the dishwashers is: 
A. 10.8 kVA. C. 12.6 kVA. E. 18.0 kVA. 
B. 11.0 kVA. D. 14.4 kVA. 


Codereference 
15. A multifamily dwelling is supplied 120/240-volt, single-phase power, and consists of 
eight individual dwelling units with a living area of 800 sq. ft (74.3 m?). In each living 
unit is a 10-kW electric range, a 2.5-kW electric water heater, a 1.2-kW dishwasher, 
2 kW of electric space heat, and an air conditioner with a nameplate rated-load current 
of 8 amperes at 240 volts. Laundry facilities are provided in a common area of the 
building. The total house load to be included in the service demand load calculation is 
16,250 VA and includes common area lighting, outside lighting, and laundry facilities. 
The minimum demand load, using the optional method of 220.84, permitted for sizing 
the service conductors and service equipment is: 
A. 324 amperes. C. 370 amperes. E. 465 amperes. 
B. 358 amperes. D. 420 amperes. 


Code reference 
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UNIT 5 
Grounding and Bonding 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* explain the purpose of equipment grounding. 
* explain the purpose of electrical system grounding, and define bonding. 


¢ diagram a single-phase, dual-voltage, 3-wire electrical system and label the voltages 
between the wires. 


¢ diagram a 3-phase wye and a 3-phase delta electrical system and label the voltages 
between the wires. 


¢ state when a single-phase and a 3-phase electrical system are required to be grounded 
if the voltages between the wires are known. 


¢ show which wire of an electrical system is required to be grounded if the electrical sys- 
tem is one required to be grounded. 


* name at least five methods considered by the Code as acceptable as a means of ground- 
ing electrical equipment not in a location with specific requirements. 


¢ determine the minimum size equipment grounding conductor permitted for a branch- 
circuit and feeder if the rating of overcurrent protection is known. 

¢ state the minimum requirement for a grounding electrode for a service entrance to a 
building. 

¢ determine the minimum size of grounding electrode conductor permitted for a particu- 
lar service entrance. 


* specify the type required and the minimum size permitted of bonding conductor for a 
swimming pool. 


* answer wiring installation questions relating to Articles 250, 280, 285, and 680. 


¢ state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 250, 280, 285, and 680. 


CODE DISCUSSION 


The emphasis of this unit is to discuss the purpose of equipment grounding and of system grounding. 
Equipment grounding is easily understood if the electrical installer has a clear understanding of the purpose 
of equipment grounding, an understanding of the circuit involved, and an understanding of the requirements 
of a good equipment grounding conductor. This unit deals with grounding and bonding of electrical systems 
in general. There are several locations or types of materials with special grounding requirements. These 
cases will be discussed in later units. For example, requirements for cable tray to be used as an equipment 
grounding conductor will be covered in Unit 12, grounding of electrical equipment in agricultural buildings 
will be covered in Unit 14, hazardous locations in Unit 9, and health care facilities in Unit 10. Only the 
specific grounding and bonding requirements different from Article 250 are covered in other articles of the 
Code. 

Article 250 deals with the grounding of an electrical system and the grounding of equipment. The 
requirements of this article apply to all wiring installations, unless either specifically different or addition- 
al grounding requirements are covered elsewhere in the Code. NEC ®250.3 references the other locations in 
the Code where there are different or additional grounding requirements for specific materials or locations. 
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Figure5.1 System grounding and equipment grounding are required to be considered in all electrical systems. 


System grounding and equipment grounding are illustrated in Figure 5.1. The purpose of electrical system 
grounding and equipment grounding is explained in 250.4. Part VI of Article 250 requires that exposed 
metallic parts of equipment likely to become energized be grounded. M ethods of equipment grounding are 
explained in Part VII of Article 250 and acceptable equipment grounding conductors are described in 
Part VI of Article 250, in particular in 250.118. 

The metal enclosure of the service disconnect or a grounding bus at that location is the collecting 
point for all feeder and branch-circuit equipment grounding conductors. The basic standard for equip- 
ment grounding is explained in 250.2, 250.4(A)(5), and 250.4(B)(4). An electrically continuous path is 
required to be established to allow enough current to flow during a fault to operate overcurrent devices 
such as circuit breakers and fuses. To accomplish this task, all equipment likely to become energized 
must be grounded back to a common point. If a ground-fault occurs, current tries to return to the ground- 
ed terminal of the electrical supply of a grounded electrical system. That point is the grounded terminal 
of a transformer, generator, or other power source. In the case of a grounded electrical supply to a build- 
ing, the grounded service conductor entering the building is bonded or connected to the metal enclosure 
of the service disconnect or equipment grounding bus. This main bonding jumper is the connecting link 
between the equipment grounding conductors in the building and the grounded terminal of the electrical 
supply to the building. The current path during a ground fault in a building supplied by a grounded elec- 
trical system is illustrated in Figure 5.2. 

Some electrical systems are not grounded. A 3-phase, 3-wire, 480-volt electrical system may not be 
grounded. NEC ® 250.4(B)(1) and 250.24(D) require a grounding electrode to be established for an unground- 
ed electrical system and connected to the service disconnect enclosure. All equipment served by the 
ungrounded electrical system is grounded the same as if the system was grounded. The only difference is 
that there is no grounded circuit conductor with the service and there will be no main bonding jumper. 

Grounding an electrical system to the earth has a different purpose than equipment grounding. NEC® 
250.4(A)(1) states that the purpose is to stabilize voltages to ground during normal operation and to limit 
voltages due to lightning, line surges, and unintentional contact with high voltage conductors. There are 
cases where grounding is required and some where grounding is optional. These rules are discussed and 
illustrated in detail later in this unit. Which conductor is required to be grounded is described in 250.26. 

Partlll of Article 250 describes the types of grounding electrodes that are acceptable. Al of the ground- 
ing electrodes described that are available at a building are required to be bonded together and used as a 
grounding electrode for the building electrical service. In many cases, there are no grounding electrodes avail- 
able and one must be established. NEC® 250.52(A)(1) requires that a metal underground water pipe that is in 
contact with the earth for aminimum of 10 ft (3 m) be used as a grounding electrode for the service. The con- 
nection to the water pipe is required to be made within the first 5 ft (1.5 m) of the point where the water pipe 
enters the building. That connection is frequently permitted to be made a greater distance from the point of 
entry for many commercial and industrial buildings. NEC ®250.53(D )(2) requires a supplemental grounding 
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Figure5.2 Ground-fault current returns to the grounded terminal of a grounded electrical system, and must be 
provided a low-resistance metallic path from all equipment back to the metal enclosure or grounding bus of the 
service disconnect. 


electrode be established when using the metal water pipe as a grounding electrode. That would mean that if 
the metal water pipe was the only grounding electrode, then an additional grounding electrode would be 
required to be installed. Generally it is easiest to add a ground rod as the supplemental grounding electrode. 
When a ground rod is installed, it is required to have a resistance-to-earth of not more than 25 ohms. If that is 
not the case, then an additional electrode is needed. Generally it is easiest to add a second ground rod which 
is required by 250.56 to be located a minimum of 6 ft (1.8 m) from the first ground rod. This type of installa- 
tion is shown in Figure 5.3. 

The metal frame of the building is also a common grounding electrode for many commercial and indus- 
trial buildings. The stipulation is that the metal building frame must be effectively grounded. Simply bolting the 
steel frame to concrete pilings that extend above ground is not sufficient. The concrete is generally too dry to be 
a satisfactory conductor. Acceptable means of making earth connections for the metal building frame are listed 
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Figure 5.3 When a grounding electrode is installed as a supplementary grounding electrode for a water pipe 
electrode, if the ground rod does not have a resistance of 25 ohms or less to earth, it is required to be supplemented 
with one additional electrode. 
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in 250.52(A)(2). If the mounting bolts are bonded to the reinforcing steel in the piling and the reinforcing steel 
extends down to a minimum of 3 ft (900 mm) below grade level, the steel frame is generally considered to be 
effectively grounded. NEC ® 250.52(A)(3) permits bare or zinc galvanized steel reinforcing bars placed near the 
bottom of a building footing to serve as a grounding electrode if the length is not less than 20 ft (6 m). Steel tie 
wires used for the purpose of connecting sections of reinforcing steel is considered to be an adequate bonding 
means when measuring the 20 ft (6 m) minimum distance. One continuous length is not required. 

The minimum size of grounding electrode conductor is specified in 250.66. The size of the largest 
ungrounded conductor is used as the basis for determining the minimum grounding electrode conductor size 
from Table 250.66. Grounding electrodes generally have a resistance-to-earth ranging from several ohms to 
hundreds of ohms depending upon the soil conditions. Table 250.66, therefore, sets size 3/0 AWG copper as 
the maximum size grounding electrode conductor required in any situation. If the grounding electrode is a 
ground rod, the maximum grounding electrode conductor size required is size 6 AWG copper, 250.66(A). In 
the case of a concrete-encased electrode such as a reinforcing steel in a footing, the maximum required is 
size 4AWG copper, 250.66(B). 

A service is unique in that the conductors are protected from overcurrent at the load end of the conduc- 
tors. For this reason, it is important that any metal service enclosure or raceway be electrically connected in 
such a way that enough fault-current may flow to open the utility primary overcurrent device. As a result, 
extra ordinary bonding is required for service equipment and raceways. Figure 5.4 is a diagram of a typical 
service panel with Code references where details on bonding and grounding are found. NEC® 250.28(D) 
specifies the minimum size of the main bonding jumper at not less than the minimum size of the grounding 
electrode conductor as determined from Table 250.66. If the ungrounded conductor size is larger than the 
maximum given in Table 250.66, then the minimum main bonding jumper size is determined by multiplying 
the cross-sectional area of the ungrounded conductor by 0.125. NEC ® 250.102(C) specifies the minimum size 
bonding jumper for a metal service raceway. The rule is the same as for the main bonding jumper except it 


= 
MINIMUM SIZE 
NEUTRAL 
NEC ® 220.61, 250.24(C)(1) + METAL RACEWAY 


RACEWAY BOND 
NEC ® 250.92(A), 250.94 
SIZE NEC® 250.102(C) > 


{e) 
NEUTRAL BUS ————> | 
MAIN BONDING col ro 
JUMPER 
NEC ® 250.24(A)(4), 250.28 man 
SIZE NEC ® 250.28(D) 
GROUNDING 
~——"—_____ ELECTRODE 
e ee CONDUCTOR 
{ S 2 SIZE NEC® 250.66 
f 250.24(D), 250.62, 250.64 
GROUNDING 
ELECTRODES 
SUPPLEMENTAL NEC ® 250.52 


ELECTRODE 
NEC® 250.53(D)(2), 250.53(E) 


Figure5.4 Grounding and bonding at the service disconnect is very important, and there are different rules for 
sizing the different components of the grounding system at the service. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Grounding and Bonding 163 


is based upon the cross-sectional area of the largest ungrounded conductor in the service raceway. W hen the 
service conductors are run in parallel in separate raceways, the bonding jumper for the metal raceways will 
be smaller than the main bonding jumper. 

NEC® 250.32 deals with supplying power to one building from another building. Power can be 
extended to the second building either overhead or underground. Rules for installation of the conductors are 
found in Article 225. Much of the confusion centers around grounding and whether an equipment ground- 
ing conductor separate from the neutral is required. The rules are summarized in Figure 5.5, which illustrates 
a single-phase, 120/240-volt, 3-wire electrical service to the property. The rules would be the same for a 
3-phase, 4-wire electrical system with one additional ungrounded conductor. The first building is considered 
to be the service to the property. NEC® 250.32(B) Exception permits the supply to an existing (not new) 
second building to consist of two ungrounded conductors and a neutral conductor, with the neutral conductor 
grounded and bonded to the service enclosure at the second building. The minimum neutral conductor size 
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Figure 5.5 Electrical power from one building to a second existing building on the same property is permitted 
to be by means of a feeder with the grounded conductor acting both as the neutral and the equipment grounding 
conductor as in the top diagram, but if the second building is new, a separate neutral and equipment grounding 
conductor as in the bottom diagram are required. 
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is determined from the appropriate allowable ampacity table in 310.15 depending upon the calculation of 
unbalanced load according to 220.61. The neutral conductor is not permitted to be sized smaller than the size 
given in Table 250.122 based upon the rating of the feeder overcurrent device. 

The neutral is permitted to serve also as the equipment grounding conductor for an existing second 
building or structure, provided there is no metal connection between the two buildings that could act as a 
parallel path for neutral current. If the property is served with a metal underground water-piping system, also 
used as the grounding electrode for both buildings, neutral current would flow on the metal water pipe 
between the two buildings as well as on the neutral conductor. If this was the case, then it is not permitted 
to use the neutral conductor as the equipment grounding conductor and ground the neutral at the second 
building. The method of 250.32(B) is then required. 

For the method of 250.32(B), a neutral conductor and a separate equipment grounding conductor are run 
to the second building, also illustrated in Figure 5.5. A separate neutral bus and equipment grounding bus are 
installed in the panel in the second building. The neutral conductor is not bonded at the second building and it is 
not connected to a grounding electrode at the second building. Because the neutral and equipment grounds are 
separate in the second building, neutral current is forced to flow only on the neutral conductor. The minimum 
size of the neutral conductor is determined from the appropriate allowable ampacity table in 310.15 depending 
upon the calculation of unbalanced load according to 220.61. This is a feeder; therefore, the minimum size equip- 
ment grounding conductor is found in Table 250.122 using the rating of the feeder overcurrent device. 

The rules for distributing power to the various buildings on a farm are slightly different than described 
in 250.32 due to several special considerations. Power on a farm is frequently supplied to buildings from a 
central distribution point in the yard where only a disconnect or site isolation device is required. The feed- 
ers to the various buildings may not have individual overcurrent protection. The conductors are required to 
be installed according to the rules in Article 225, while minimum neutral and grounding conductor size is 
specified in 547.9. 

NEC® 250.30 covers the rules with respect to grounding of a separately derived alternating current 
electrical system. A transformer installed within a building is acommon example of a separately derived sys- 
tem. This subject is discussed in detail in Unit 8. 

Article 280 covers specifications for and the installation of a surge arrester installed on an electrical 
system operating at over 1000 volts. These requirements do not apply to a surge arrester associated with a 
primary electrical distribution system of an electrical power supplier. The National Electrical Safety Code® 
covers those installations. 

High voltages can be induced into outdoor electric lines during lightning storms. These voltages pro- 
duce surges of high voltage that travel along the lines. These high-voltage surges can enter buildings and 
equipment and cause damage. Surge arresters installed on systems operating at over 1000 volts (Article 280) 
and Type 1 Surge-Protective Devices (SPDs) (285.23) installed on systems operating at 1000 volts or less 
are used to limit these voltages to a safe level by providing a path to ground to dissipate the energy. A surge 
arrester or a Type 1 Surge-Protective Device is connected between an ungrounded conductor and the earth. 
The connection to earth is frequently made by connecting the surge arrester or SPD to the neutral conductor 
or the grounding electrode conductor. 

Here is how a surge arrester works. When the voltage on the ungrounded conductor is normal, the 
surge arrester has a high resistance and acts like an open switch preventing current flow through the surge 
arrester to the neutral conductor. A surge voltage or impulse voltage is a sudden short duration large rise in 
voltage, usually positive or negative, but not both. Lightning striking near a power line is a frequent cause of 
surge or impulse voltages, which travel in both directions along a wire from the point of origin. W hen a surge 
or impulse reaches a surge arrester, the device must act like a closed switch to the voltage, higher than nor- 
mal, allowing the voltage to dissipate by passing current through the surge arrester to earth. Once the volt- 
age on the ungrounded conductor returns to normal, the surge arrester must once again act like an open 
switch, preventing current from flowing to ground at normal system voltage. Voltage surges or impulses are 
frequently only a few microseconds in duration, therefore, the surge arrester must be fast acting. It must also 
be capable of passing the energy of the surge so it will survive to be ready to repeat the process. A typical 
device that can provide this function for power systems in buildings of 1000 volts or less is a low-voltage 
metal-oxide varistor (MOV). The material has a high resistance at normal operating voltages, but switches 
to a low resistance when the voltage across the M OV rises above a critical value. The MOV conducts cur- 
rent until the voltage drops below the critical value and the resistance once again goes very high to prevent 
current flow. This device is now classified as a Type 1 Surge-Protective Device. 

Article 285 deals with installation of Surge-Protective Devices (SPDs), of which transient voltage 
Surge suppressors (TVSS) are included. A Surge-Protective Device is installed between the ungrounded 
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Figure 5.6 A Type 1 Surge-Protective Device (SPD), which provides lightning protection, is permitted to be 
installed outside the building at a service-entrance drip loop. 


conductors and the grounded conductor or earth, usually near the point where the surge is likely to originate. 
AnSPD installed on electrical systems operating at not more than 1000 volts is required to be listed and may 
be of three types. They are permitted to be installed indoors or outdoors. Figure 5.6 shows a metal-oxide 
varistor-type M OV SPD installed at the service entrance drip loop of a building. An SPD according to 285.3 
is not permitted to be installed on an ungrounded electrical system unless specifically listed for the application. 

A Type 1 Surge-Protective Device is permitted to be installed on the supply side of the first overcur- 
rent device to a building such as shown in Figure 5.6, 285.23. The Type 1 SPD is also permitted to be 
installed on the load side of the service disconnecting means and overcurrent protection. A Type 2 SPD is 
only permitted to be installed on the load side of the first overcurrent device of a building, 285.24. A typical 
installation of a Type 2 SPD is shown in Figure 5.7, where it is acting as a transient voltage surge suppres- 
sor (TVSS) to protect sensitive equipment served by the panelboard from surges most likely originating 
within the building. A Type 3 SPD is only permitted to be installed on the load side of a branch circuit over- 
current device, 285.25. 

In the past, Type 2 and Type 2 Surge-Protective Devices were frequently called transient voltage surge 
suppressors (TV SS). Transient voltage surge suppressors are only permitted to be installed on grounded elec- 
trical systems operating at 1000 volts and under. A TVSS is not permitted to be installed on an ungrounded 
electrical system, because under fault conditions within the building, the TV SS can be exposed to an exces- 
sive over voltage. Type 2 and Type 3 SPDs are permitted to be installed on any circuit within a building, but 


TYPE 2 
SPD 


TYPE 2 
SPD 


NEUTRAL AND 


GROUNDING BUS 

285.24 
CONNECT TO _ 7" 
LOAD SIDE OF 1. in 

LILI 
mene | HE 

ne BOND ~, |} ae NEUTRAL 
_ c on BUS 
ROUNDIN 
BUS aa 


eho 
NH 


GROUNDING ELECTRODE SYSTEM 


Figure5.7 A Type 2 Surge-Protective Device (SPD) is required to be installed on the load side of the first overcur- 
rent device of the building, and it helps protect sensitive electrical equipment from voltage surges and impulses. 
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they are always required to be installed on the load side of the first overcurrent device for the conductors 
entering the building. A TVSS is permitted to be installed either inside or outside a building but always on 
the load side of the first overcurrent device. Figure 5.7 shows a typical TVSS (Type 2 SPD) installation in a 
building with a device at the main service and one at a down-line panelboard. A voltage surge or impulse 
originating on a branch circuit would travel back to the panelboard and would be conducted to ground at the 
panelboard by the TVSS, thus preventing the voltage impulse from feeding to other circuits supplied from 
that panelboard. 

The basic function of a Surge-Protective Device is to become conductive at a voltage only slightly 
higher than the ungrounded conductor operating voltage. Like a surge arrester, the SPD is generally con- 
nected between the ungrounded conductor and the neutral or equipment grounding conductor. However, an 
SPD is permitted to be installed between ungrounded conductors. The device becomes conductive when a 
surge voltage or an impulse voltage develops on the ungrounded conductors. That surge or impulse voltage 
is not necessarily due to lightning. It may be due to operation of switches and other equipment within or near 
the building. The SPD is generally installed to protect sensitive electronic equipment from over voltages. 
Because the SPD goes into conduction mode and passes surge current much more easily than a surge arrester, 
it must be installed on the load side of an overcurrent device to provide it with backup protection. 

NEC® 285.6 requires that a Surge-Protective Device shall be marked with a fault-current rating. The 
available fault current at the point of installation is not permitted to be in excess of the fault-current rating of 
the SPD.A transient voltage surge suppressor (Type 2 or Type 3 SPD) can be a one-port device that is tapped 
to the ungrounded conductors, the grounded conductor, and the equipment grounding conductor. With a 
one-port device, the load current does not pass through the SPD. With the two-port SPD, there is an input port 
and an output port. The load current does pass through the device and the SPD must have a short-circuit 
current rating. 

Article 680 covers the wiring of equipment associated with swimming pools, fountains, and similar 
equipment. R equirements are placed on the wiring installed in the area of pools, fountains, and similar instal- 
lations. The types of installations covered are swimming, wading, therapeutic and decorative pools; foun- 
tains; hot tubs; spas; and hydromassage bathtubs. The terms pool and fountain are defined in 680.2. 
Definitions important to the installation of equipment in these areas are covered in 680.2. 

Differences in voltage between two places around the pool, fountain, or similar installation may be 
of a sufficient level to create a hazard. To help prevent hazardous conditions from developing, metal parts 
of the swimming pool are required by 680.26 to be bonded together with a solid copper wire not smaller 
than size 8 AWG. M etal raceway, metal-sheathed cable, metal piping, and other metal parts fixed in place 
within 5 ft (1.5 m) horizontally of the inside edge of the pool shall also be bonded together. AI! metal parts 
shall be bonded to an equipotential bonding. This is illustrated in Figure 5.8. The specifications for an 
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Figure5.8 Metal parts of a permanent swimming pool are required to be bonded together to reduce the likeli- 
hood of voltage gradients in the pool area. 
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Figure5.9 Atleast one ground-fault circuit-interrupter protected 125-volt receptacle outlet for an inside instal- 
lation is required to be installed at least 6 ft (1.83 m), but not more than 10 ft (3 m) from the inside edge of an 
inside spa or hot tub, and between 6 ft (1.83 m) and 20 ft (6 m) for an outside spa or hot tub. 


equipotential bonding are specifically stated in the Code in 680.26, which states that structural reinforcing 
steel of a concrete pool or the wall of a bolted or welded metal pool is required to serve as part of the 
equipotential bonding. 

At least one 125-volt receptacle outlet, not for the water-circulating pump, is required to be installed 
not more than 20 ft (6 m) and not closer than 6 ft (1.83 m) from the inside edge of a dwelling permanent 
swimming pool as stated in 680.22(A)(3). NEC ® 680.22(A)(5) covers the situation in which a receptacle out- 
let beyond a barrier or wall is within 20 ft (6 m) of the edge of a permanent swimming pool. All 125-volt 
receptacle outlets within 20 ft (6 m) of the inside edge of the pool shall be protected by a GFCI. These same 
rules apply in the case of a spa or hot tub installed on the outside of a building, as stated in 680.42 and illus- 
trated in Figure 5.9. In the case of a spa or hot tub installed on the inside of a building, at least one 125-volt 
rated receptacle outlet, which is required to be GFCI protected, is required to be installed at a distance of not 
more than 10 ft (3 m) from the inside edge of the spa or hot tub, and not closer than 6 ft (1.83 m). 


GROUNDING AND BONDING FUNDAMENTALS 


Grounding and bonding is one of the most important parts of an electrical wiring system, and at the 
same time it is one subject of the Code that seems to be confusing. It is essential to understand the purpose 
of grounding and bonding, and then it will be easier to make sure the installation has met the requirements 
of the Code. Grounding and bonding are key elements to the backup safety system for an electrical circuit 
or electrical equipment. If the grounding system does not function properly, then other safety devices such 
as circuit breakers and fuses may not function when a problem develops. Grounding and bonding must be 
installed with as much care as any other part of the electrical system. One Code section in particular dis- 
cusses important information necessary to understand system and equipment grounding and bonding. Read 
250.4 to get an explanation of the purpose of grounding. 


Equipment Grounding 


The equipment grounding conductor is permitted to be a metal raceway or a metal box, cabinet, or 
frame of equipment. These and other permitted means of providing an equipment grounding conductor are 
covered in 250.118. The equipment grounding conductor is permitted to be copper or aluminum wire. There 
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is a restriction in the case of aluminum wire used for grounding. Aluminum as an equipment grounding wire 
that is not insulated or covered is not permitted to be installed where it is in direct contact with masonry or 
the earth, or where subject to corrosive conditions. When aluminum wire is exposed and used outside for 
grounding, it is not permitted to be installed within 18 in. (450 mm) of the earth. These restrictions on alu- 
minum and copper-clad aluminum conductors are found in 250.120 and 250.64. 

Equipment grounding wires are permitted to be solid or stranded, insulated or bare. If the wire is insu- 
lated, it is required to have insulation that is green or green with yellow stripes. These requirements are found 
in 250.119, and for flexible cords, 400.23. If the equipment grounding wire is size 4AWG or larger, itis per- 
mitted to be identified as an equipment grounding wire at the time of installation at every location where it 
is accessible. Acceptable means of identifying an equipment grounding conductor of size 4 AWG or larger 
that is not bare, green, or green with yellow stripes are: (1) to strip the insulation from the entire exposed 
wire, leaving the wire bare, or (2) to apply with green tape, green labels, or green paint encircling the wire 
at terminations. 

All fittings, conduit, splices, and any other connections in the equipment grounding conductor shall be 
made up tight with proper tools. Flexible M etal Conduit is not considered to be as effective an equipment 
grounding conductor as Rigid Metal Conduit (RMC), Intermediate M etal Conduit (IMC), or Electrical 
Metallic Tubing (EMT). Therefore, limitations are placed on the use of Flexible Metal Conduit and 
Liquidtight Flexible M etal Conduit for use as an equipment grounding conductor. These restrictions are given 
in 250.118. If these requirements are not satisfied, then an equipment grounding wire shall be provided to 
bond from the enclosure at one end of the Flexible M etal Conduit to the enclosure at the other end of the 
Flexible M etal Conduit. 

There are several methods of installing and terminating an equipment bonding jumper from one end to 
the other of flexible conduit. Installation of equipment bonding jumpers is covered in 250.102. The equipment 
bonding or grounding jumper is permitted to be run on the inside of a raceway, or it is permitted to be run on 
the outside. If run on the outside, the equipment bonding jumper is not permitted to be more than 6 ft (1.8 m) 
long. The bonding jumper shall be routed with the raceway or enclosure. Special fittings are manufactured for 
terminating the bonding wire on the outside of the Flexible M etal Conduit and Liquidtight Flexible M etal 
Conduit. Various methods are acceptable for terminating an equipment bonding jumper or an equipment 
grounding wire at an enclosure. 

The methods permitted to terminate an equipment grounding conductor or an equipment bonding 
jumper to an enclosure are covered in 250.8. Connecting an equipment grounding conductor to a metal box 
or enclosure is required to be done with a device listed for the purpose or by means of a grounding screw used 
for no other purpose, 250.148(C). Sheet metal screws are not permitted to be used to connect equipment 
grounding conductors to boxes and enclosures unless they are considered to be machine screws and have at 
least two threads in contact with the enclosure, 250.8(A). When an equipment grounding conductor is termi- 
nated at a lug in an enclosure, the screw or bolt used to connect the lug to the enclosure shall be used for no 
other purpose. Connections or fittings that depend on solder are not permitted. This does not prevent the use 
of solder at a connection where the connection is made mechanically secure before soldering. NEC® 250.148 
requires that the removal of a device at a box or enclosure shall not interrupt the continuity of the equipment 
grounding conductor. 


Sizing Equipment Grounding Conductors 


An equipment grounding wire size is based on the size of the overcurrent device protecting the circuit. 
Table 250.122 in the Code lists the minimum wire size permitted for various overcurrent device ratings. In 
the case of electrical cable, the manufacturer has installed the correct size of equipment grounding wire 
based on the maximum size overcurrent device rating permitted to be used for that cable. When raceway is 
permitted as an equipment grounding conductor, cross-sectional area of the metal is adequate for the largest 
size wires permitted in the raceway. Usually, the only time when an equipment grounding wire must be sized 
is in the case of nonmetallic conduit or for bonding jumpers. The following examples illustrate how to 
determine the minimum permitted size of equipment grounding conductor for a branch-circuit or a feeder. 


Example 5.1 Determine the minimum size copper equipment grounding conductor for a 30-ampere 
circuit consisting of Type THWN copper wires size 10 AWG installed in Rigid Nonmetallic Conduit. 


Answer: From Table 250.122, the minimum size copper equipment grounding conductor permitted 
islOAWG. 
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Example 5.2 A 7-ft (2.13-m) length of Liquidtight Flexible M etal Conduit extends from a fusible 
disconnect switch to an electric furnace. The wires inside the flexible conduit are Type THHN copper 
size 4 AWG with 70-ampere overcurrent protection. Determine the minimum size copper equipment 
grounding conductor to bond around the Liquidtight Flexible M etal Conduit. There is an equipment 
grounding lug in the furnace for terminating the equipment grounding conductor. 


Answer: A 70-ampere overcurrent device is not listed in Table 250.122; therefore, the next larger 
overcurrent device rating shall be used. For this example, use the equipment grounding wire size 
required for a 100-ampere overcurrent device. The minimum size copper equipment grounding wire 
size for this 70-ampere circuit is size 8 AWG. 


Parallel Equipment Grounding Conductors 


In 310.4, conductors are permitted to be run in parallel. In general, the minimum conductor size per- 
mitted to be installed in parallel is 1/0 AWG. This minimum size applies to ungrounded conductors and to 
grounded conductors. There is no mention of equipment grounding conductors, bonding conductors, or 
grounding electrode conductors. NEC ® 250.122(F) covers the situation where conductors are run in parallel. 
W hen the conductors are run in parallel sets within more than one raceway where an equipment grounding 
conductor is required, the equipment grounding conductors are required to be run in parallel. Each of the 
separate equipment grounding conductors required is determined using Table 250.122 and based on the size 
of the circuit overcurrent device rating. Example 5.3 illustrates how the size of parallel equipment ground- 
ing conductors is determined. 


Example5.3 A feeder protected with 500-ampere time-delay fuses is run with two parallel sets of 
conductors in separate Rigid Nonmetallic Conduits as shown in Figure 5.10. Determine the mini- 
mum size of copper equipment grounding conductor required in each conduit run of the feeder. 


Answer: A separate equipment grounding conductor is required to be run with each set of conduc- 
tors. Each of the equipment grounding conductors is required to be sized according to Table 250.122. 
The minimum size copper equipment grounding conductor required for a 500-ampere overcurrent 
device is 2AWG. 


Equipment Grounding Conductor Size Adjustments 


Equipment grounding conductors are sized in the Code to be capable of conducting sufficient current 
during fault conditions to open the circuit or feeder overcurrent device. The longer the circuit conductors, the 
higher the resistance of the equipment grounding conductor, and the more difficult it becomes to conduct suf- 
ficient current to open the overcurrent device. If a circuit or feeder is long enough to require an increase in 
ungrounded wire size to limit voltage drop, then a corresponding adjustment in equipment grounding 
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Figure5.10 When conductors run in parallel in separate raceways require an equipment grounding conductor run 
with the circuit conductors, the equipment grounding conductor in each raceway is sized based upon the rating of 
the branch-circuit or feeder. 
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conductor size seems appropriate. NEC ® 250.122(B) requires an adjustment in equipment grounding con- 
ductor cross-sectional area in proportion to the cross-sectional area increase of the ungrounded conductors. 
Equation 5.1 can be used to determine the adjusted equipment grounding conductor size. 


Adjusted equipment grounding conductor size = 


Area of minimum grounding wire size x a usedungrounded wirSars Eq. 5.1 


Minimum ungrounded wire area 


To determine the adjusted equipment grounding conductor size, start by finding the minimum size 
equipment grounding conductor for the circuit from Table 250.122. Next, look up the minimum ungrounded 
conductor size required for the branch-circuit or feeder. Assuming no adjustment factors apply, look up the 
minimum size conductor from Table 310.16 in most cases. A larger size ungrounded conductor is actually 
being used to limit the voltage drop of the circuit. From Table 8 in Chapter 9, look up the cross-sectional 
area of all of these conductors and put them into Equation 5.1 to determine the adjusted equipment ground- 
ing conductor size. Use Table 8 again to convert the equipment grounding conductor area into an AWG size. 
The following example will illustrate how this process works: 


Example 5.4 A 3-phase, 480-volt feeder is protected by a 100-ampere overcurrent device. The 
ungrounded conductors of the feeder are size 1/0 AWG copper to limit the voltage drop on the feeder. 
It will be assumed conductor insulation and terminations are 75°C rated. If the feeder is run in Rigid 
Nonmetallic Conduit, determine the minimum size copper equipment grounding conductor permitted. 


Answer: First look up the minimum copper equipment grounding conductor size permitted for this 
feeder in Table 250.122. Next, look up the minimum ungrounded conductor size permitted for the feed- 
er in Table 310.16, assuming voltage drop is not an issue. The minimum is size 3 AWG. Now look up the 
cross-sectional area of the conductors in Table 8. Then calculate the adjusted equipment grounding con- 
ductor area using Equation 5.1. The result will be 33,133 cmil (16.79 mm), which is asize 4AWG from 


Table 8. 
size 8AWG 16,510 cmil 8.37 mm? 
size 3AWG 52,620 cmil 26.67 mm? 
size 1/0 AWG 105,600 cmil 53.49 mm? 
Adjusted eqpt. grnd. conductor size = 16,510 cmil x aete ell = 33,133 cmil 
52,620 cmil 
Adjusted eqpt. grnd. conductor size = 8.37 mm? x ae 16.79 mm? 
26.67 mm? 


Electrical Shock 


Electrical shock is caused by the flow of electrical current through the body or a part of the body. 
Current passing through the body can cause burns, muscle reaction, and injury to body organs. If the current 
travels through the head or central part of the body, severe injury or even death may occur. Dry skin has a 
high resistance to the flow of electricity. With under 15 volts, enough current generally will not flow through 
the body to be harmful to ahuman. This is not necessarily true for a human in wet conditions or for an ani- 
mal standing in a moist environment. The moist hoof or foot of a farm animal offers low resistance to the 
flow of electrical current. The main factors involved in electrical shock to an animal or human are: 


* voltage 

¢ duration of the electrical shock 

* condition of skin or body surface 

* surface area contact with the source 
* path the current takes 


Voltage and condition of the skin usually determine the amount of current that flows. A normal person usually 
will just begin to feel the sensation of shock if 1/1000 ampere or 1 milliampere of 60 hertz alternating current flows 
through the body. Shock may become painful to humans with a continuous flow of 8 milliamperes or more. 
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M uscular contraction (cannot let go) may occur in humans with a continuous current flow of 15 milliamperes or 
more. Greater flows of current through the body are usually very serious. An effective equipment grounding 
system is important for the protection of people and animals with the damp and wet conditions that exist in many 
residential, commercial, and farm locations. 


Electrical System Grounding 


A building wiring system usually must have one conductor grounded to the earth. This grounding helps 
limit voltages caused by lightning surges. Grounding prevents high voltages from occurring on the wiring if 
a primary line should accidentally contact a secondary wire. Grounding limits the maximum voltage to 
ground from the hot wires. For most residential, commercial, and farm wiring systems, the maximum volt- 
age to ground is not more than 125 volts. Several decisions must be made in the grounding of an electrical 
system to the earth. Three major decisions are which wire is permitted to be grounded, the type of ground- 
ing electrode, and determining the minimum permitted size of grounding electrode conductor. 


Which Conductor of the Electrical System to Ground 


The service-entrance wire required to be grounded is described in 250.20(B) for an alternating current 
system operating between 50 volts and 1000 volts. The grounded-circuit conductor shall have white or gray 
insulation. Identification of the grounded-circuit conductor is covered in 200.6. If the wire is larger than size 
6 AWG, the wire is permitted to be labeled with white or gray tape or paint where the wire is visible. T he fol- 
lowing electrical systems are required to be grounded: 


¢ Single-phase, 2-wire, 120 volts 

¢ Single-phase, 3-wire, 120/240 volts 

* Three-phase, 4-wire, 208/120 volts, wye 

* Three-phase, 4-wire, 240/120 volts, delta 

* Three-phase, 4-wire, 480/277 volts, wye, when supplying phase to neutral loads 
* Three-phase, 4-wire, 600/347 volts, wye, when supplying phase to neutral loads 


Grounding Electrode 


The grounding electrode is the means by which electrical contact is made with the earth. The type of 
electrode permitted to be used for grounding an electrical system is given in 250.52. The following ground- 
ing electrodes are covered in 250.52 and shall be used if available: 


¢ Metal underground water pipe in direct contact with the earth for at least 10 ft (3 m). A metal under- 
ground water pipe shall be supplemented by at least one additional electrode. 

* The metal frame of the building, where the metal frame is effectively grounded 

* A bare size 4 AWG or larger copper wire or reinforcing steel at least 1/2 in. (13 mm) in diameter at 
least 20 ft (6 m) long and encased in concrete in contact with the earth, with at least 2 in. of concrete 
around all sides of the wire or steel 

* A bare copper wire circling the building at a depth of at least 21/2 ft (750 mm), size 2 AWG or larger, 
and at least 20 ft (6 m) long 

¢ A rod or pipe electrode driven to a depth of at least 8 ft (2.5 m) into the soil. If rock bottom is encoun- 
tered, it shall be permitted to drive the pipe or rod at an angle of not less than 45° from the horizontal. 
Or it may be laid in a trench at least 21/2 ft (750 mm) deep. The acceptable rods and pipes shall have 
the following minimum diameters: (1) trade size 3/4 (21) galvanized steel pipe, (2) 5/8-in. (16 mm) iron 
or steel rod, and (3) 4/2-in. (13 mm) copper-coated rod 

¢ A plate electrode is permitted to be used in areas where soil conditions prevent the use of a pipe or rod 
electrode. The plate shall make contact with at least 2 sq ft (0.186 m’) of soil. 

¢ Other metal underground structures or equipment such as a metal well casing are also permitted. 


Rod, pipe, and plate electrodes sometimes do not make good low-resistance contact with the earth. 
They must be placed in areas not subject to damage but where the soil is most likely to be moist. They should 
not be installed in areas protected from the weather, such as under roof overhangs. The Code specifies in 
250.56 that a single rod, pipe, or plate electrode shall have a resistance to ground not exceeding 25 ohms. If 
the resistance to earth is greater than 25 ohms, then one additional rod, pipe, plate, or other electrode shall 
be installed. Rod, pipe, or plate electrodes shall be at least 6 ft (1.8 m) apart. 
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Lightning-protection system grounding electrodes are not permitted to be used as one of the required 
electrodes for the electrical system, 250.60. However, electrodes for the electrical and lightning systems shall 
be electrically connected together, as specified in 250.106. 


Grounding and Bonding for Service with Parallel Conductors 


Several components of the grounding and bonding system must be sized when a service entrance 
consists of two or more parallel sets of service-entrance conductors. The grounding and bonding con- 
ductors may all be different sizes as illustrated in Figure 5.11. The minimum permitted size of ground- 
ing electrode conductor is found in 250.66. When there are two or more parallel sets of service-entrance 
conductors, the minimum size of grounding electrode conductor is determined based on the sum of the 
cross-sectional areas of the ungrounded conductors for any one particular leg or phase. This information 
is found in Note 1 to Table 250.66. With some 3-phase electrical systems, such as a 4-wire delta system, 
the phase conductors may not all be the same size. In this case, the phase that yields the largest sum of 
the cross-sectional areas of the conductors is used for the grounding electrode conductor determination. 
Note from Table 250.66 that the largest size of grounding electrode conductor required to be installed for 
the service of Figure 5.11 is size 3/0 AWG copper or 250-kcmil aluminum. Some grounding electrodes, 
such as a ground rod, have a limited ability to dissipate ground fault current. Therefore, 250.66(A) 
permits the grounding electrode conductor to be smaller in some cases than would normally be required 
by Table 250.66. 

Bonding of metal enclosures and raceways is required for service equipment. W hat must be bonded is 
covered in 250.92(A), the method of bonding is covered in 250.92(B), and the minimum permitted size of 
bonding jumper is specified in 250.102. A bonding means may be provided with the service equipment, or a 
copper or aluminum wire may be used as the bonding means. The main bonding jumper connects the serv- 
ice equipment enclosure to the grounding electrode conductor and to the grounded service conductor if the 
supply system has a grounded conductor. In the case of Figure 5.11, the main bonding jumper connects the 
grounding bus to the service equipment enclosure. The minimum permitted size of this main bonding jumper 
is determined from 250.28(D). This section is somewhat confusing in the case of parallel service-entrance 
conductors. First, the main bonding jumper is not permitted to be sized smaller than the size specified in 
Table 250.66 for the service-entrance conductors where the cross-sectional area to use is the sum of the 
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Figure 5.11 The minimum permitted size of the grounding electrode conductor and main bonding jumper are 
determined based on the sum of the cross-sectional areas of the conductors of any one phase. 
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cross-sectional areas of all conductors of one phase. For example, if there are two sets of 500-kcmil con- 
ductors in parallel for the service entrance, the cross-sectional area to be used is 1000 kcmil. Secondly, when 
the cross-sectional area of the service-entrance conductors for one phase is determined to be larger than 
1100-kcmil copper or 1750-kcmil aluminum, then the minimum permitted size of conductor for the main 
bonding jumper is 12.5% (0.125 times the cross-sectional area) of the cross-sectional area of the conductors. 
The main bonding jumper in this latter case will be larger than the grounding electrode conductor. 

If the service-entrance conductors are run in metal raceway, then the metal raceway must be bonded to 
the service equipment enclosure or to the service grounding bus. NEC® 250.102(C) explains how to deter- 
mine the minimum size of service raceway bonding jumper. The minimum size is based on the size of the 
largest conductors in the raceway. If more than one set of parallel conductors are in a single raceway for each 
phase, then the cross-sectional area is taken as the sum of the cross-sectional areas of the individual con- 
ductors for that phase. Example 5.5 illustrates sizing of grounding electrode conductors and bonding jumpers 
for a service entrance with parallel sets of service-entrance conductors. 


Example5.5 The conductors for a service entrance consist of four parallel sets of 750-kcmil copper 
conductors with 75°C insulation and terminations. Each set of conductors is run in a separate Rigid 
M etal Conduit as shown in Figure 5.11. All bonding and grounding electrode conductors are copper. 
The metal water pipe is used as a grounding electrode, and it is supplemented with a driven ground 
rod. A separate copper grounding electrode conductor is run from the grounding bus in the service 
equipment to each grounding electrode. The grounding bus is bonded to the service equipment enclo- 
sure with a copper main bonding jumper. A single copper conductor is run from the service equipment 
grounding bus to a bonding bushing on each service entrance conduit. Determine the minimum per- 
mitted size of the following: 


a. the copper grounding electrode conductor to the water pipe 

b. the copper grounding electrode conductor to the ground rod 

c. the copper main bonding jumper from the grounding bus to the service equipment enclosure 
d. the copper bonding jumper from the grounding bus to each service conductor conduit 


Answer: a. The minimum permitted size of the copper grounding electrode conductor to the water 
pipe is determined from 250.66, Table 250.66, and the footnote to the table. First, determine the total 
cross-sectional area of the conductors of one phase by adding the cross-sectional areas of all conduc- 
tors of that phase to get 3000 kcmil. This is larger than 1100 kcmil; therefore, the minimum permitted 
size is 3/0 AWG. 


750 kcmil x 4 = 3000 kcmil 


b. NEC® 250.66(A) does not require the grounding electrode conductor to a made electrode such as a 
ground rod to be larger than size 6 AWG. 


c. NEC® 250.28(D) requires the main bonding jumper to not be smaller than specified in Table 250.66 or 
not less than 0.125 times the cross-sectional area of the conductors of one phase, whichever is larger. In 
this case, it is 0.125 times 3000 kcmil that gives 375 kcmil. If one of the standard wire sizes from the 
Code is used, the minimum wire size can be determined from Table 310.16 or Table 8 of Chapter 9. 
The minimum standard wire size would be 400 kcmil. 


3000 kemil x 0.125 = 375 kcmil 


d. The minimum permitted size of bonding jumper for the service-entrance conduit is based on the 
phase conductor cross-sectional area contained in the conduit according to 250.102(C). In this case, 
the phase conductor size is 750 kcmil, and the minimum permitted raceway bonding jumper size from 
Table 250.66 is size 2/0 AWG copper. 


ELECTRICAL SYSTEM TYPES AND VOLTAGES 


Selecting the type of electrical supply system for a commercial, farm, or industrial application 
involves careful consideration of several factors, some of which are (1) the size of the electrical service 
required, (2) the voltages required, (3) the anticipated kilowatt-hour usage, (4) the electrical energy rates 
available, and (5) the size and number of electrical motors. An electric power supplier customer service 
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Figure5.12 A 120-volt, 2-wire, single-phase electrical system. 


representative is usually available to help evaluate these points when making a choice for the type of elec- 
trical system for a particular application. 


Single-Phase Electrical Systems 


Some buildings are served by a 2-wire, 120-volt electrical system, as shown in Figure 5.12. These 
systems are permitted as long as the building needs are limited to two circuits. This type of system is 
permitted to be installed in an outbuilding on a property where there is little electrical usage in the build- 
ing. A 2-wire, 120-volt electrical system can be derived from a separate transformer, or it can be derived 
from a 120/240-volt, 3-wire, single-phase system or from a 208Y /120-volt, 4-wire, 3-phase electrical 
system. 

The most common electrical system for dwellings is the 120/240-volt, 3-wire, single-phase system shown 
in Figure 5.13. The wire originating at the transformer center tap is grounded. The voltage from the grounded 
neutral wire to each ungrounded wire is 120 volts. A load powered at 240 volts, such as a motor, is supplied by 
the two ungrounded wires. The power supplier grounds the common conductor at the transformer, and the neu- 
tral conductor is required by 250.24 to be grounded again, usually at the service disconnecting means. 

It is important to balance the 120-volt load so that half is connected between the neutral and each 
ungrounded wire. If the 120-volt loads are perfectly balanced, the current flowing on the neutral will be 
zero. Loads operating at 240 volts do not use the neutral; therefore, they do not place current on the 
neutral. 
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Figure 5.13 A 120/240-volt, 3-wire, single-phase electrical system. 
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Figure 5.14 A 3-phase, 3-wire, ungrounded delta electrical system operating at 480 volts (sometimes 240 volts) 
is required to have the service disconnect enclosure grounded. 


Three-Phase Electrical Systems 


Three-phase electrical systems are of different types and voltages to fit different needs. There are three 
common types of delta electrical systems. One type of delta 3-phase electrical system is the 3-wire 
ungrounded electrical system. NEC*® 250.21 permits the 240-volt and the 480-volt 3-phase delta 3-wire sys- 
tems to be operated without one of the conductors grounded. A 480-volt ungrounded 3-wire delta electrical 
system is illustrated in Figure 5.14. 

It is important to remember that equipment is required to be grounded as specified in 250.110 and 
250.112. NEC® 250.130(B) states that the equipment grounding conductors shall be bonded to the grounding 
electrode conductor of the ungrounded system. This can be confusing. The system is considered ungrounded 
because one circuit conductor is not grounded. But a grounding electrode is required for the service. 

A 3-phase, 3-wire electrical system operating either at 240 volts between phases or 480 volts between 
phases is permitted to be operated with one of the phase conductors grounded. This is frequently called a 
corner grounded delta 3-phase electrical system. A 3-wire, corner grounded, 3-phase electrical system is 
shown in Figure 5.15. NEC® 240.22 states that an overcurrent device is not permitted to be installed in a 
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Figure5.15 A 3-phase, 3-wire, delta electrical system, operating at either 240 volts or at 480 volts, is permitted 
to have one phase conductor grounded. 
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Figure5.16 A 240/120-volt, 4-wire, 3-phase delta electrical system provides single-phase power at 120/240 volts 
and 3-phase power at 240 volts. One phase has a higher voltage to ground than the other two phases, and that 
phase must be identified with an orange marking. 


grounded conductor unless all ungrounded conductors are opened when the overcurrent device operates. An 
overcurrent device is permitted to be installed in the grounded phase conductor when it serves as overload 
protection for an electric motor, as permitted in 430.36. 

The 4-wire, 240/120-volt delta 3-phase electrical system provides single-phase and 3-phase service at 
240 volts and single-phase at 120 volts. This system is shown in Figure 5.16. There is a single-phase neutral 
conductor with this system. The voltage from two of the ungrounded phase conductors to the neutral is 120 volts. 
Voltage from one of the phase conductors to the neutral is 208 volts. This phase conductor is called the phase 
with the higher voltage to ground in 110.15, 230.56, and 408.3(E). In 408.3(E), the phase conductor with the 
higher voltage to ground is required to be the B-phase, which is required to be the center conductor in a discon- 
nect or panelboard. There is an exception in the case of some metering equipment. The phase conductor with the 
higher voltage to ground is not intended to be combined with the neutral because the voltage is 208 instead of 
120. Single-phase and 3-phase loads are permitted to be served from the same panel, but this must be done with 
care to keep the loads balanced on the phase conductors and the neutral conductor. 

Any 3-phase delta electrical system can be operated with only two transformers. This is called an open 
delta system. If the electrical system of Figure 5.16 was operated as an open delta electrical system, the trans- 
former between the B-phase and theA -phase or the transformer between the B-phase and the C-phase would 
be missing. The voltages delivered by this open delta electrical system should be the same as for the full delta 
3-phase system. There may be a slight voltage variation between phase conductors. 

Three-phase power may be supplied using a 4-wire wye electrical system. Figure 5.17 shows a 
208/120-volt, 3-phase wye electrical system. A 480/277-volt, 4-wire wye, 3-phase system is also available. 
The voltage from any one of the ungrounded phase conductors to the neutral is the same with this system. 

Itis possible to install the neutral-to-phase circuits to balance the neutral-to-phase loads on the three trans- 
formers. This is frequently done using multiwire branch-circuits with one neutral common to three circuit con- 
ductors. M otors normally designed for 240-volt operation must not be connected to a 208/120-volt wye system 
unless marked on the nameplate as suitable for operation at 208 volts. M otors rated at 200 to 240 volts are avail- 
able. With this system, equipment must be specified with 208-volt motors. The 3-phase, 4-wire, 480/277-volt 
wye electrical system is used commonly for industrial and commercial applications. M otors are powered using 
3-phase, 480-volt circuits, and single-phase electric discharge lighting circuits are operated at 277 volts. 


High-Ilmpedance Grounding 


High-impedance (high-resistance) grounding is permitted for some applications at 480 volts up to 
1000 volts and where qualified maintenance staff are always on duty to immediately investigate ground 
faults 250.36. This type of electrical system is carefully engineered for each application. It provides an 
alternative to the ungrounded 480- and 600-volt electrical system. The typical application is for industrial 
processes and similar situations where orderly shutdown is necessary. If a ground-fault occurs somewhere 
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Figure 5.17 A 208/120-volt, 4-wire, 3-phase wye electrical system, common for commercial buildings, provides 
single-phase power at 120 and 208 volts and three-phase power at 208 volts. The wye electrical system can also 
operate at 480/277 volts. 


on the system, it may not be desirable to allow that circuit or feeder to immediately shut down. On an 
ungrounded or high-resistance grounded system, a signal indicates that a ground fault has occurred on a par- 
ticular phase, and the maintenance personnel immediately find the fault and assess the seriousness of the con- 
dition. To make repairs, usually a controlled shutdown can be accomplished. Sometimes repairs can be made 
without shutting down the system. The resistor installed in series with the equipment grounding conductor 
limits the value of fault current to a level that an overcurrent device will not open, but the fault condition will 
be indicated. A high-impedance grounded electrical system is shown in Figure 5.18. These systems are not 
permitted to supply line-to-neutral loads. 
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Figure 5.18 A high-impedance grounded 480-volt or 1000-volt wye electrical system has a resistance installed 
between the grounding electrode conductor connection and the neutral point of the supply transformer that limits 
the ground-fault current to a level that will sound a trouble alarm, but will not cause an overcurrent device to open. 
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With this type of system, the neutral conductors and the equipment grounding conductors are separated, 
and a resistor is connected between the neutral bus and the equipment grounding bus. Specifications for 
installing a high-impedance grounded electrical system are found in 250.36. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Article 250 Grounding and Bonding 


250.4(A )(1) FPN: This section relates to the installation of the grounding electrode conductor from the main 
disconnecting means to the grounding electrode. This is a new fine-print note that points out the impor- 
tance of keeping the conductor as short as practical and avoiding unnecessary bends in the grounding 
electrode conductor. Unnecessary loops and bends in the conductor can reduce the effectiveness of the 
grounding electrode conductor at times when it is called upon to limit the voltage to ground that can 
be imposed on a grounding system by an event such as conducting a lightning surge to earth. 

250.8(A )(5) & (6): This section specifies methods permitted and not permitted for terminating equipment 
grounding conductors. At issue in the past was the use of screws such as sheet metal screws and dry- 
wall screws for attaching terminals to enclosures. A machine screw in a threaded hole or one that is 
self-tapping is permitted, provided there are not less than two threads of contact between the screw and 
the box or enclosure. It also specifically states that a screw and nut is permitted as a means of termi- 
nating an equipment grounding conductor. Several acceptable methods of terminating an equipment 
grounding conductor with the use of sheet metal screws are illustrated in Figure 5.19. 

250.20(D): There is actually no change of intent with this section, but there were some significant language 
changes to make the section clear. A separately derived system that provides power as described in para- 
graphs (A) or (B) of this section is required to be grounded. The same piece of electrical equipment used 
in one situation can be ruled a separately derived system, and in another case it is not ruled as a sepa- 
rately derived system. The rewording of the section deals with how to make that determination. Consider 
the case of a single-phase generator producing 120/240 volt power with three wires, one of which is the 
neutral. If all three wires, including the neutral, are switched, such as through a 3-pole circuit breaker, 
then there is no solid connection between the neutral of the generator and the neutral of the premises sys- 
tem supplied. In this case, the generator is ruled a separately derived system and must be provided with 
a grounding electrode because it is possible to operate the generator when it is disconnected from the 
premises wiring and also disconnected from a grounding electrode. If only the ungrounded wires pass 
through the circuit breaker and the neutral of the generator is solidly connected to the neutral of the prem- 
ises wiring, then even when the circuit breaker is opened and the generator is operating, it is still con- 
nected to a grounding electrode. This is the point made by the rewording and a new Exception 1. 


EQUIPMENT 250.8(A)(5) AND (6) 
GROUNDING WIRE \ 


THREADED ap na > THREADS 
HOLE REQUIRED 
pe DRILLED HOLE 
AND NUT 
= es 2 THREADS 
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MACHINE SCREW. REQUIRED 


Figure 5.19 A grounding conductor or bonding jumper is permitted to be terminated with a bolt and nut to a 
metal enclosure or with a threaded screw or self-tapping machine screw if there are not less than two threads of 
contact with the enclosure. 
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250.28(D )(2): This section specifies the minimum size of the main bonding jumper to be installed at the serv- 
ice disconnecting means. The previous edition of the Code made reference to the service as though it 
consisted of only one enclosure. It was not clear how to deal with installation of the main bonding 
jumper if there was more than one enclosure. This new paragraph (2) requires that a main bonding 
jumper be installed at each service disconnect enclosure, based upon the largest size ungrounded con- 
ductor supplying that enclosure. 

250.28(D)(3): This is a new paragraph that specifies the minimum size of system bonding jumper to be 
installed at each disconnect supplied from a separately derived system. M ultiple feeders are permitted 
from the separately derived system to single enclosures with a single overcurrent device or single set 
of fuses. Sizing the system bonding jumper for these enclosures was clear, but it was not clear that an 
alternative was the installation of a single-system bonding jumper at the separately derived system that 
would take the place of individual bonding jumpers at each disconnect. It is now made clear that this 
single-system bonding jumper at the separately derived system is to be based upon the sum of the 
cross-sectional areas of the largest ungrounded conductor for the feeders to each disconnect supplied. 

250.30(A )(4): This section provides rules for grounding a separately derived system to a common ground- 
ing electrode conductor. A system bonding jumper is required, and the change in this section is the 
added sentence that specifies that the connection for the grounding electrode is to be made at the same 
location as the system bonding jumper. Without this added sentence, it was permissible to install the 
system bonding jumper at the first overcurrent device and the grounding electrode connection at the 
separately derived system or vice versa. Now both must be at the same location. 

250.32(B): This section deals with supply of electrical power to a building or structure on a single property 
from another building or structure. The previous edition of the Code permitted the grounded conduc- 
tor (neutral) to act also as the equipment grounding conductor for the second building or structure, pro- 
vided there were no alternate paths created for neutral current. Now this procedure is only permitted 
for an existing building or structure. Essentially, what this means is that for newly constructed build- 
ings or structures it is required to supply them with a separate equipment grounding conductor and a 
separate neutral. This is illustrated in Figure 5.5. The neutral at the building or structure supplied is not 
permitted to be connected to the equipment grounding conductor or to a grounding electrode. 

250.35: This is a new section dealing with the bonding of a permanently installed generator that is not con- 
sidered to be a separately derived system. In paragraph (A) the rules of 250.30 apply if the generator 
is considered to be a separately derived system. Generally, the generator is not considered a separate- 
ly derived system since the neutral conductor of the generator is solidly connected to the neutral of a 
premises wiring system. In this case, paragraph (B) provides the rules for installing and sizing an 
equipment bonding jumper between the disconnecting means supplied by the generator and the gen- 
erator overcurrent device. This is illustrated in Figure 5.20. Generally, the disconnecting means will be 
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Figure 5.20 For a generator that is not installed as a separately derived system (neutrals solidly bonded), a bond- 
ing jumper is required to be installed from the disconnecting means to the generator where the overcurrent device 
is at the generator. 
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a manual or automatic transfer switch connected into the premises wiring. The size of the equipment 
bonding jumper is determined using the rules of 250.102(D) which specifies the minimum size to be 
based upon the overcurrent device using Table 250.122. 

If the generator manufacturer has bonded the neutral conductor of the generator to the generator 
frame, then that bond will need to be removed, or this bonding jumper will act as a parallel path of the 
neutral. In cases where the generator manufacturer has bonded the neutral to the generator frame, the 
neutral conductor acts as the main bonding jumper between the generator and the transfer switch 
enclosure. It is also important to make sure there is adequate bonding between the transfer switch 
enclosure and the service equipment grounding bus since the service grounding electrodes are also act- 
ing as the grounding electrodes for the permanently installed generator. 

250.52(A )(1) Exception: This exception permits the connection of the service grounding electrode conduc- 
tor to the underground metal water piping system to be located more than 5 ft (1.5 m) from the point 
at which the water pipe enters the building if certain criteria are met. This exception applied in the case 
of industrial and commercial buildings and structures. Now it also applies to institutional facilities, 
although the term institutional is not defined. M any contractors, inspectors, and engineers in the past 
considered institutional facilities to be included as a part of the commercial category. 

250.52(A )(2)(2): This paragraph describes acceptable methods of grounding the metal frame of a building 
to the earth. The previous edition of the Code apparently inadvertently permitted the metal frame of a 
building to be considered grounded if it was bonded to a metal underground water pipe. Since a metal 
underground water piping system used as a grounding electrode is required to be supplemented by 
another grounding electrode, simple attachment to the metal building frame does not necessarily meet 
that requirement. Reference to attachment to a metal water pipe as a means of connecting a metal 
building frame to the earth was deleted. 

250.52(A )(3): A new sentence was added to this paragraph that requires a concrete-encased electrode to be 
bonded as a part of the grounding electrode system. The new sentence makes it clear that only one such 
concrete-encased electrode is required to be bonded to the grounding electrode system and not all sec- 
tions of a multisectional installation of reinforcing bars. 

250.52(A )(6): This is anew item to the list of acceptable grounding electrodes. This new listing simply states 
that other listed grounding electrodes, whatever they may be, are acceptable. 

250.64(D): This section deals with the installation of the grounding electrode conductors when there are mul- 
tiple disconnecting means grouped in separate enclosures. There are two new paragraphs (2) and (3) 
that repeat requirements that are covered in paragraph (1). The new information that is in paragraph 
(2) is that it states the grounding electrode tap conductor is to be connected between the grounded con- 
ductor supplying the disconnect and the grounding electrode system. Paragraph (1) states the connec- 
tion is directly to the common grounding electrode conductor. Paragraph (3) requires the common 
grounding electrode conductor to be connected to the grounded service conductors (neutral) on the 
supply side of the disconnects and in a service wireway or other enclosure. All connections are to be 
by means of exothermic welding or with connectors listed for grounding and bonding. 

250.80: This section requires the grounding of metal service raceways and enclosures. The previous edition 
of the Code simply stated they were to be grounded. The change is that now it specifically states to 
what they are to be grounded, the grounded system conductor or to the grounding electrode conductor 
if itis an ungrounded system. This new language can be a problem if the direct connection to the con- 
ductor is taken literally. 

250.94: The providing of ameans for other systems to be easily connected to the service grounding electrode 
system by other electrical systems such as communications and CATV is covered by this section. The 
previous edition of the Code required that a grounding wire be run outside of service enclosures long 
enough to connect to other system grounding if the grounding electrode conductor or metal service 
raceway was not available for this connection. A means external to all service enclosures is required 
for connection to the grounding of these other systems. Now those methods of providing intersystem 
bonding are only permitted for existing buildings. For new construction, it is required that a set of ter- 
minals, listed for grounding and bonding, be mounted to the meter enclosure, and that a bonding bar 
be installed adjacent to either the service equipment enclosure, the meter enclosure, or the grounding 
electrode conductor. One method of providing for intersystem grounding is shown in Figure 5.21. 
There are no requirements provided for this bonding bar, but something similar to that described in 
250.64(F )(1) would be sufficient. If a bonding bar is provided, it is to be connected to the equipment 
grounding conductor in the service equipment by a conductor not smaller than 6 AWG copper. The 
intersystem bonding means is required to be installed in such a manner that it not interfere with the 
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Figure5.21 A listed intersystem bonding terminal that will accept not less than three grounding conductors is 
required to be installed at each service entrance. 


opening of any service equipment enclosure. It is also required to be capable of accepting not fewer 
than three bonding conductors. 

250.119 Exception: This section requires the insulation or covering on equipment grounding conductors to 
be bare, green, or green with yellow stripes. This section also prohibits conductors identified in this 
manner from being used as current-carrying conductors. This new exception recognizes that for power- 
limited, Class 2, or Class 3 circuits that operate at less than 50 volts, a wire with green insulation or 
green with yellow stripes is permitted to be used as a current-carrying conductor. 

250.119(A )(2): When a conductor size 4 AWG and larger with insulation other than green is used as an 
equipment grounding conductor, the entire exposed length of insulation was required to be removed or 
covered green. Now the conductor is only required to be covered with green at the terminations. 

250.122(D)(1): There is now a definitive statement of how to size the equipment grounding conductor for a 
motor. The previous edition of the Code only applied to instantaneous trip circuit breakers protecting 
motors. The equipment grounding conductor for a motor circuit is to be not smaller than the size deter- 
mined from Table 250.122 using the rating of the branch-circuit short-circuit and ground-fault protec- 
tive device. The equipment grounding conductor is, however, never required to be sized larger than the 
largest circuit conductor. 

250.122(D)(2): The method used to determine the size of the equipment grounding conductor for a motor 
protected with an instantaneous trip circuit breaker was changed. The previous edition of the Code per- 
mitted the wire size to be based on the rating of the overload protective device. Now it is required to 
be sized not smaller than determined from Table 250.122 using the value of a time-delay fuse as the 
branch-circuit short-circuit and ground-fault protective device. 

250.146(A ): Now, under certain conditions, a raised-cover- mounted receptacle is permitted to be grounded 
through the raised cover rather than requiring a bonding wire to be run from the grounding terminal of 
the receptacle to the metal box. 


Article 280 SurgeArresters, Over 1kV 


280.1: The scope states the major change, which is that this article only applies to surge arresters installed on 
electrical systems operating at over 1000 volts. All references to surge arresters that are installed on elec- 
trical systems operating at 1000 volts and less were deleted from this article and moved to Article 285. 

280.2: This is a new section stating that surge arresters are not to be installed where the maximum continu- 
ous power frequency voltage exceeds the rating of the surge arrester. This is the peak voltage of the 
wave form, which for a sine wave is 41% higher than the rms voltage. 

280.5: Surge arresters are now required to be listed. 

280.21: This is a section that now applies to surge arresters installed on systems operating at over 1000 volts. 
It specifically states to what point the surge arrester grounding conductor is to be connected. 
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Article 285 Surge-Protective Devices (SPDs), 1 kV or Less 


285.1: The scope now states that Surge-Protective Devices are to be installed only on systems operating at 
1000 volts and less. An SPD includes a transient voltage surge suppressor and a surge arrester rated 
for amaximum of 1000 volts. This article now applies to three different types of SPDs. 

285.23: The Type 1 SPD is actually a surge arrester that is permitted to be installed on an electrical system 
where there is a maximum of 1000 volts. The rules for installation are essentially the same as covered 
in Article 280 of the previous edition of the Code. A Type 1 SPD is permitted to be installed on the 
supply side of the service overcurrent protective device. 

285.24: A Type 2 SPD is actually a transient voltage surge suppressor that is required to be installed on the 
load side of the service overcurrent device. Paragraph (B) is new, and it deals with the situation where 
a feeder supplies power to another building or structure. The Type 2 SPD is required to be installed on 
the load side of the main overcurrent protective device for that building or structure. In the case where 
there is no single overcurrent protective device or set of fuses, the Type 2 SPD is required to be 
installed on the load side of a branch circuit overcurrent device. 

285.25: A Type 3 SPD is intended to protect individual equipment or systems on a branch circuit. There is a 
new requirement that the Type 3 SPD is permitted to be installed anywhere on a branch circuit from 
the overcurrent device up to the equipment. There is an additional restriction that the Type 3 SPD is 
not permitted to be located on a branch circuit where it is less than 30 ft (10 m) from the service panel 
or a separately derived system. 


Article 680 Swimming Pools, Fountains, and Similar Installations 


680.2: The word immersion was added to the definition of a permanent pool and a storable pool to make it 
clear that such vessels used for the purposes of baptisms must also meet the appropriate rules with 
respect to electrical equipment associated with or located in the area. 

680.7: It is now made clear that when reference is made to the connection of fixed or permanently installed 
equipment being permitted to be cord connected, it also means that it is permitted to be cord and plug 
connected. 

680.12: The maintenance disconnecting means installed for pool-associated equipment was specified to be 
located within sight of the equipment, but no mention was made as to any distance from the edge of 
the pool. Now the disconnecting means is to be located not closer than 5 ft (1.5 m) horizontally from 
the edge of a pool, spa, or hot tub, unless separated by a barrier such as a wall. 

680.22(A )(1): A receptacle for a water circulation pump or other equipment associated with the water cir- 
culation system was permitted to be located not less than 5 ft (1.5 m) from the inside edge of the pool 
if certain criteria were met. That distance has now been increased to 6 ft (1.83 m). 

680.22(A )(2): This section applies in the general case to all permanent pool installations, and now recepta- 
cles are permitted to be located as close as 6 ft (1.83 m) from the inside edge of a pool. The previous 
edition of the Code required a minimum distance of 10 ft (3 m). 

680.22(A )(3): This section applies to permanent pool installations at a dwelling. At least one 125-volt, 15- or 
20-ampere receptacle is required to be installed not more than 20 ft (6 m) from the inside edge of the 
pool and not closer than 6 ft (1.83 m). The previous edition of the Code required a receptacle to be locat- 
ed at least 10 ft (3 m) and not closer than 5 ft (1.5 m) in cases where it was not practical to locate the 
receptacle further away. The real change is that in all cases the receptacle is permitted to be located as 
close as 6 ft (1.83 m) from the inside edge of the pool. This is illustrated in Figure 5.22. It is no longer 
permitted to locate a receptacle 5 ft (1.5 m) from the inside edge of the pool. 

680.22(B): This is a new section that requires GFCI protection on all pool pump motor circuits rated 125- or 
240-volts, single-phase, and either 15- or 20-ampere, whether cord and plug connected or hardwired. 
The previous edition of the Code only required GFCI protection where the circulation pump motor was 
cord and plug connected. 

680.22(E): Other outlets such as communications circuits, remote-control, signaling, or fire alarm circuits 
are required to be located not closer than 10 ft (3 m) from the inside edge of the pool. The previous 
edition of the Code did not provide a minimum spacing from the pool for these types of outlets. 

680.23(A )(6): A luminaire (lighting fixture) mounted in a face-up position in the bottom of a permanent 
swimming pool is now permitted to be installed without a guard to prevent contact by swimmers, 
provided it is listed to be mounted without a guard. 

680.23(B )(6): This section requires wet-niche luminaires to be mounted such that they can be removed from 
the water for relamping and maintenance. The previous edition of the Code specified that a person 
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Figure 5.22 A receptacle on a 125-volt, 15- or 20-ampere branch circuit is not permitted to be installed closer 
than 6 ft (1.83 m) from the inside edge of a permanent swimming pool. 


located on the deck must be able to reach and remove the luminaire without going into the water. That 
is not practical, and now it is permitted to locate the wet-niche luminaire such that a person may be 
required to go into the water to remove it, but it must have a cord long enough that it can be put on a 
dry space such as the deck for relamping and maintenance. 

680.23(F)(1): This section specifies the branch-circuit wiring supplying wet-niche, no-niche, and dry-niche 
luminaires installed in permanent swimming pools. There are actually two changes. The first change 
is that Type AC cable with an insulated equipment grounding conductor is permitted to be installed 
within the building. The other change is that now the minimum size equipment grounding conductor 
in all cases for branch circuits supplying luminaires is 12 AWG insulated copper. 

680.25(A ) If a conduit for a feeder is installed in an area where corrosion is probable, aluminum conduit is 
not permitted in that area. 

680.26: The term equipotential bonding grid is not used in this section as was the case in the previous edi- 
tion of the Code. Reference is made to the process of equipotential bonding, and it is specified what 
and how electrically conductive elements are to be bonded. The previous edition of the Code listed per- 
mitted methods of creating an equipotential bonding grid. Now itis clearly specified that the reinforc- 
ing steel is required to be bonded and if the steel is nonconductive that the alternative is to be a cop- 
per wire grid with specifications as to how it is to be constructed. 

680.26(B )(1): This paragraph specifies that poured concrete, pneumatically applied or sprayed concrete, and 
concrete block with a painted or plastered coating are considered to be conductive materials and are 
required to be bonded as a part of the equipotential bonding, and that vinyl! pool liners and fiberglass 
composite shells are considered to be nonconductive materials. 

680.26(B )(2): This paragraph specifies that the equipotential bonding is required to extend out from the edge 
of the pool a minimum of 3 ft (1 m) to include the walkway around the pool. The change is that this 
equipotential plane is now required under unpaved surfaces as well as paved surfaces. The other change 
is that the number and location of the bonding connections between this perimeter equipotential plane 
and the reinforcing steel in the pool shell are specified as a minimum of four (4) locations equally spaced 
around the pool. If the pool shell is nonconductive, then only one bonding connection is required. These 
requirements are illustrated in Figure 5.23. 

680.26(C): Now it is required to make a deliberate bond to the pool water of a permanent swimming pool if 
a bond is not made by normal bonding of metal parts that make contact with the water. This bond is to 
consist of a minimum of 9 in.? (5806 mm?) of metal in contact with the water. This would be in the 
form of a metal plate if there are no parts in contact with the water, such as a metal ladder. An exam- 
ple of such a metal plate in the side of a pool under the water line is shown in Figure 5.24. 

680.31: In the next section, 680.32, all electrical equipment used with storable pools is required to be GFCI 
protected. A new paragraph was added to this section requiring all pumps used in conjunction with 
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REINFORCING STEEL 
POOL WALL 3 FT (900 MM) = IN PAVED WALK WAY 


Cott 


b+44i 
Lost 


3 FT (900 MM) MINIMUM 680.26(B)(2) BOND TO REINFORCING 


STEEL AT FOUR LOCATIONS 
FOR NONCONDUCTIVE POOL LINER 
ONLY ONE BOND TO WALKWAY STEEL REQUIRED 


Figure 5.23 Reinforcing steel is required to be installed around a permanent swimming pool out to a minimum 
distance of 3 ft (1 m) of the inside edge of the pool, whether paved or unpaved and bonded to the pool reinforc- 
ing steel at a minimum of four places equally spaced around the pool. For a nonconductive pool liner, the bond- 
ing to the metal pool frame is only required at one location. 


METAL REINFORCING 
IN PAVED WALKWAY 


8 AWG SOLID a, 
COPPER WIRE ae 
680.26(C) METAL pare ~ 
MINIMUM AREA 9 IN2 
IF NO OTHER METAL NONCONDUCTIVE 
IN CONTACT WITH WATER POOL LINER 


Figure5.24 In the case of a nonconductive pool liner, if metal is not in contact with the water, such as a ladder, 
then a metal plate with a minimum area of 9 in.? (5806 mm?) is required to be in contact with the water and bond- 
ed to the reinforcing steel with a copper wire minimum size 8 AWG solid. 


storable pools to have integral GFCI protection in the pump attachment cord. With this change, it will 
not be possible to plug in the pump motor in a location where a GFCI plug is not available. 

680.43(A ): In the case of a spa or hot tub, it was required that at least one 125-volt, 15- or 20-ampere recep- 
tacle be installed on a general-use circuit located not more than 10 ft (3 m) nor closer than 5 ft (1.5 m) 
from the hot tub or spa. Now a receptacle is required to be installed no closer than 6 ft (1.8 m) from 
the hot tub or spa. In 680.43(A)(1) it is required that no receptacle of any voltage be located closer than 
6 ft (1.8 m) from the hot tub or spa. The previous minimum distance was 5 ft (1.5 m). 

680.43(D )(4) Exception 2: M etal parts associated with a water circulating system of a self-contained spa or 
hot tub are not required to be bonded separately on site. The bonding is already evaluated as a part of 
the listing of the equipment. 

680.51(C)(2): A luminaire (lighting fixture) installed in a permanent fountain in the face-up position is now 
permitted to be installed without a guard to prevent contact by persons, provided it is listed for such use. 
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680.62(E): Now all receptacles installed within 6 ft (1.83 m) of a therapeutic tub are required to be GFCI 
protected. The previous edition of the Code specified 5 ft (1.5 m). 

680.71: There are two changes in this section dealing with GFCI protection of hydromassage bathtubs and 
associated electrical equipment. One change is that the GFCI is now required to be readily accessible. 
The other change is that receptacles rated 30 amperes and less and located within 6 ft (1.83 m) of the 
hydromassage tub are required to be GFCI protected. The previous edition of the Code set 5 ft (.15 m) 
as the distance. 

680.74: This section specifies the bonding for the equipment and metal parts making contact with the circu- 
lating water of a hydromassage bathtub. The change is that the bonding conductor must be connected 
to the bonding terminal provided on the circulating pump motor. If the circulating pump is of the 
double-insulated type, then it is not necessary to make a bonding connection to the pump motor. It is 
also pointed out that this bonding conductor is for local equipotential bonding of equipment and is not 
required to be connected to the grounding bus of any panelboard or run to any grounding electrode. 
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WORKSHEET NO. 5— BEGINNING 
GROUNDING AND BONDING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A single-family dwelling has a service with a 100-ampere main circuit breaker and 
size 2 AWG aluminum ungrounded conductors. A grounding electrode for this ser- 
vice is a ground rod driven so the top is below the surface of the earth and the clamp 
is listed as suitable for direct burial. As shown in Figure 5.25, the grounding elec- 
trode conductor is attached to the outside of the dwelling and through the earth to 
the ground rod. If the copper grounding electrode conductor is in a location not sub- 
ject to physical damage, the minimum size permitted for this service is: 

A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Codereference 
2. A commercial service entrance with a 200-ampere main circuit breaker has size 
3/0 AWG copper ungrounded service conductors. The service is grounded to a metal 
underground water pipe and a ground rod as the supplemental electrode. The mini- 
mum size copper grounding electrode conductor permitted to the metal water pipe is: 
A. 1l0AWG. C. 6AWG. E. 2AWG. 
B. 8AWG. D. 4AWG. 


Code reference 


3. A building is provided with a single-phase, 120/240-volt service with a 200-ampere 
main circuit breaker and size 4/0 AWG aluminum service conductors. The water 
pipe entering the building is nonmetallic and the grounding electrode is a 3/8 in. 


GROUNDING 

ELECTRODE 

CONDUCTOR 
. | 


TAA 


CONCRETE 
BLOCK 


GROUND ROD 


Figure5.25 Determine the minimum size copper grounding electrode conductor run unprotected on the outside 
surface of a dwelling for a 100-ampere service entrance. 
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(15.87 mm) diameter galvanized steel rod driven 8 ft (2.44 m) into the earth. The 
minimum size copper grounding electrode conductor permitted for this service is: 
A. 8AWG. C. 4AWG. E. 2AWG. 

B. 6AWG. D. 3AWG. 


Codereference 
4. A building is supplied water by a metal underground pipe, and the metal frame of 

the building connected to footing reinforcing steel is considered to be effectively 

grounded. 

A. Both the metal water pipe and the metal building structure are required to be 
bonded together and used as the grounding electrode system for the service. 

B. Even if both are used as the grounding electrode, a ground rod is still required 
to augment the metal water pipe. 

C. A ground rod is permitted to be used in place of either the metal water pipe or 
the metal building structure. 

D. The metal water pipe or the metal building frame, but not both, are required to 
serve as the grounding electrode. 

E. Only the metal building frame is required to be used as the grounding electrode. 


Codereference. 
5. Flexible Metal Conduit trade size 3/4 (21) extends from the controller to a motor ter- 
minal housing to allow for ease of installation and maintenance and to provide for lim- 
ited flexibility as shown in Figure 5.26. The end fittings provide the only support for 
the Flexible M etal Conduit and they are listed as suitable for equipment grounding but 
not the Flexible M etal Conduit. The circuit to the motor is protected by 20-ampere 
rated time-delay fuses. The maximum length of Flexible M etal Conduit permitted for 
this installation is: 
A. not limited. C. 18in. (450 mm). E. 6ft(1.8 m). 
B. 12 in. (300 mm). D. 3ft(900 mm). 


Code reference 


6. An8ft(2.5 m) ground rod is installed at a service to augment a metal underground 
water pipe as the grounding electrode. The ground rod has a resistance of more than 
25 ohms, therefore, it will be supplemented by a second 8 ft (2.5 m) ground rod, with 


PROTECTED BY 
20-AMPERE FUSES 


gf 


*———— MOTOR STARTED 


O FITTINGS APPROVED 
FOR GROUNDING 


MAXIMUM LENGTH a 
FLEXIBLE METAL CONDUIT? 


Figure 5.26 Determine the maximum length of Flexible Metal Conduit permitted to be installed between a 
motor controller and a motor terminal housing and supported only by the end connectors. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


188 Unit5 


the two rods bonded together. These two ground rods shall be spaced a distance from 
each other of not less than: 

A. 6in. (150 mm). C. 4ft(1.2 m). E. 10 ft(3m). 

B. 2 ft (600 mm). D. 6ft(1.8 m). 


Codereference 
7. An equipment grounding means not permitted is: 
Liquidtight Flexible M etal Conduit not smaller than trade size 11/2 (41). 
the metal sheath of Type MC Cable. 
Electrical M etallic Tubing. 
a bare aluminum wire. 
the armor of TypeAC cable. 


moOOw> 


Codereference 

8. A motor control center in a building is fed under the floor in Rigid Nonmetallic Conduit 

from a disconnect at the main service. The feeder is protected with 200-ampere 

time-delay fuses, and the ungrounded conductors are size 3/0 AWG copper with THHW 

insulation as shown in Figure 5.27. The minimum size copper equipment grounding 

conductor permitted to be run in this conduit for this feeder is: 

A. 8AWG. C. 4AWG. E. 2AWG. 

B. 6AWG. D. 3AWG. 


Codereference. 

9. A conductor that is not bare or does not have green covering or insulation, or green 
covering or insulation with yellow stripes, is permitted to be re-identified as an equip- 
ment grounding conductor. A cceptable methods of re-identifying the conductor are by 
stripping the covering or insulation from the entire exposed length, coloring the insu- 
lation termination green, or marking the insulation termination with green tape or 
green adhesive labels. This re-identification is only permitted for conductors sizes: 

smaller than 4 AWG. 

larger than 8 AWG copper and 4AWG aluminum. 

larger than 12 AWG copper and 10 AWG aluminum. 

smaller than 8 AWG copper and 6 AWG aluminum. 

larger than 6 AWG. 


moOOw> 


Code reference 


200-AMPERE 


FUSES —~—_ | 


SIZE 3/0 AWG COPPER 
<«|+—_———_ CONDUCTORS 


MINIMUM SIZE COPPER 
EQUIPMENT GROUNDING 


CONDUCTOR ER REEDEN <«—— RIGID NONMETALLIC CONDUIT 


Figure 5.27 Determine the minimum size copper equipment grounding conductor permitted for a 200-ampere 
rated feeder run in Rigid Nonmetallic C onduit. 
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10. Anac electrical system not required to be grounded is a: 

120/240-volt, 3-wire, single-phase system. 

208Y /120-volt, 4-wire, 3-phase system. 

A80Y /277-volt, 4-wire, 3-phase system serving 277-volt lighting loads. 
240/120-volt, 4-wire, 3-phase delta system. 

240-volt, 3-wire, 3-phase delta system. 


moOOn> 


Code reference 


11. At least one receptacle on a general purpose 125-volt, 15- or 20-ampere branch- 
circuit is required to be installed at a dwelling not more than 20 ft (6 m) from the 
inside edge of a permanent swimming pool as shown in Figure 5.28. That recepta- 
cle is not permitted to be located closer to the inside edge of the swimming pool 


than: 
A. 3ft(750 mm). C. 5 ft(1.5 m). E. 10 ft(3 1m). 
B. 4ft(1.2 m). D. 6 ft(1.83 m). 


Codereference. 

12. Equipotential bonding for a permanent swimming pool is accomplished by connect- 

ing together with a bonding conductor all metal parts associated with the pool includ- 

ing the reinforcing steel in the pool floor, walls, and deck. These include metallic parts 

of the pool structure, forming shells and mounting brackets of luminaires, metal |ad- 

ders and other metal fixtures attached to the pool, metal equipment associated with 

the water circulating system, pool covers, and similar metal parts. The conductor used 

for this bonding is: 

A. required to be solid copper not smaller than size 8AWG. 

B. permitted to be solid aluminum if insulated and not smaller than size 8 AWG. 

C. required to be insulated copper, stranded, and not smaller than size 8 AWG. 

D. permitted to be bare, insulated, or covered copper if not smaller than size 

6AWG. 


E. required to be copper not smaller than size 2 AWG. 
Codereference. 
DWELLING 
GENERAL-USE (— 
RECEPTACLE a 
FS 
SWIMMING 
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| 
|<——____}» 
I 
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Figure 5.28 Determine the minimum distance a general-use receptacle installed on the side of a dwelling is per- 
mitted to be from the inside edge of a permanent swimming pool. 
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Figure 5.29 The conductors from a transformer enclosure to the forming shell of a wet-niche luminaire (light- 
ing fixture) in a permanent swimming pool are run in Rigid Nonmetallic C onduit. 


13. Rigid Nonmetallic Conduit is used to connect the forming shell of a wet-niche, low- 
voltage swimming pool light to a transformer enclosure as shown in Figure 5.29. 
This is not a listed low-voltage luminaire (lighting fixture) not requiring grounding. 
The minimum size copper forming shell equipment grounding conductor permitted 
to be run inside the conduit to the forming shell is 8AWG: 

insulated solid only. 

insulated stranded only. 

insulated solid or stranded. 

bare, insulated, covered, and solid or stranded. 

bare solid or stranded. 


mOOD> 


Codereference 
14. A Type 1 Surge-Protective Device is: 

A. only permitted to be installed outside of a building. 

B. only permitted to be installed inside of a building. 

C. permitted to be installed inside or outside of a building and on the supply side 
of the service overcurrent device. 

D. only permitted to be installed by a utility worker with training in high-voltage 
installations. 

E. installed between an ungrounded conductor of the electrical system and a light- 
ning rod. 


Codereference 
15. A Nonmetallic-Sheathed Cable, Type NM-B, enters a metallic device box contain- 
ing a duplex receptacle that has a device to maintain continuity between the mount- 
ing screw and the metal device yoke. There is also a grounding screw in the box. The 
equipment grounding conductor in the supply cable is: 
A. required to be terminated to the grounding screw on the duplex receptacle. 
B. required to be terminated both to the grounding screw on the duplex receptacle 
and the grounding screw of the box. 
C. permitted to be terminated to either the grounding screw of the duplex recepta- 
cle or the grounding screw of the box. 
D. not required to be terminated in the box if grounded metal objects or masonry 
surfaces are located not closer than 6 ft (1.8 m) from the box. 
E. required to be terminated to the grounding screw of the box. 


Code reference 
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WORKSHEET NO. 5—ADVANCED 
GROUNDING AND BONDING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 480Y /277-volt service entrance with a 400-ampere main circuit breaker and size 
500-kcmil copper ungrounded service conductors is shown in Figure 5.30. A metal 
underground water pipe entering the building is used as a grounding electrode for the 
service. The minimum size of a copper grounding electrode conductor permitted to 
be run to the water pipe is: 

A. 3AWG. C. 1AWG. E. 2/0AWG. 
B. 2AWG. D. 1/0AWG. 


Codereference 
2. A commercial building service is 208Y /120-volt, 3-phase, 4-wire wye with a 
400-ampere rated main circuit breaker, and size 500-kcmil copper ungrounded con- 
ductors. Galvanized steel, 1/2 in. (13 mm) diameter reinforcing bars, a minimum of 
20 ft (6 m) long, are installed in the bottom of the foundation which has direct 
contact with earth. The minimum size copper grounding electrode conductor 
permitted to be run to the reinforcing bars is size: 
A. 4AWG. C. 1LAWG. E. 2/0AWG. 
B. 2AWG. D. 1/0AWG. 


Code reference 
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Figure5.30 Determine the minimum size copper grounding electrode conductor to a metal underground water 
pipe for a service consisting of a 400-ampere main circuit breaker supplied with size 500-kcmil copper conductors. 
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3. Analuminum conductor is permitted to be used as a grounding electrode conductor: 
A. as abare conductor in dry locations and shall be insulated when in direct con- 
tact with masonry or the earth. 
B. thesameas a copper conductor if it is copper-clad aluminum. 
C. as aninsulated conductor run on a masonry surface but not terminated within 
18 in. (450 mm) of the earth when run outside a building. 
D. except within 18 in. (450 mm) of the earth either inside or outside a building. 
except when in direct contact with masonry or outside within 18 in. (450 mm) 
of the earth. 


m 


Codereference 

4, Two parallel sets of size 350-kcmil copper conductors are run to a panelboard from 

the service equipment through two Rigid Nonmetallic Conduits with one set of the 

parallel conductors in each conduit as shown in Figure 5.31. The feeder to the pan- 

elboard is protected with 600-ampere fuses located in the service panel. A copper 

equipment grounding conductor is routed in each conduit with each set of parallel 

conductors. The minimum size equipment grounding conductor permitted to be run 

in each conduit is: 

A. 4AWG. C. 1AWG. E. 2/0AWG. 

B. 2AWG. D. 1/0AWG. 


Codereference 

5. Two separate circuits are run in the same nonmetallic conduit. One circuit consists 

of size 8 AWG copper insulated conductors protected at 50 amperes, and the other 

circuit run with size 3 copper conductors protected at 100 amperes. One copper 

equipment grounding conductor is run in this conduit to serve both circuits. The 

minimum size equipment grounding conductor permitted is: 

A. 1l0AWG. C. 6AWG. E. 3AWG. 

B. 8AWG. D. 4AWG. 


Codereference 
6. A 480-volt delta service entrance has two parallel sets of size 900-kcmil copper Type 
THWN ungrounded service conductors with each set in a separate service conduit as 
shown in Figure 5.32. The metal water line is used as a grounding electrode and is 
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Figure 5.31 Determine the minimum size copper equipment grounding conductor permitted to be run in each 
conduit where a feeder protected with 600-ampere fuses is run as two parallel sets of conductors in Rigid 
Nonmetallic C onduit. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Grounding and Bonding 193 


= 480-VOLT DELTA SUPPLIES TWO 
«< PARALLEL SETS OF 900-KCMIL 
TYPE THWN COPPER CONDUCTORS, 

ONE SET IN EACH CONDUIT 
SERVICE Hw 
EQUIPMENT — 
FOR BUILDING oe 

METAL UNDERGROUND 
— = WATER LINE 
GROUND 
ROD 


Figure 5.32 Determine the minimum size grounding electrode conductor to a metal water pipe for a service 
entrance consisting of two parallel sets of copper size 900-kcmil conductors. 


supplemented with a driven ground rod. The copper grounding electrode conductor 
to the ground rods is size 6 AWG. The copper main bonding jumper to the service 
enclosure is size 250 kcmil, and the copper bonding jumper to the metal service con- 
duits is size 2/0 AWG. The minimum permitted size of copper grounding electrode 
conductor to the metal water pipe is: 

A. 1/0AWG. C. 3/0AWG. E. 250 kcmil. 

B. 2/0AWG. D. 4/0AWG. 


Codereference 
7. Two panelboards rated as suitable for use as service equipment make up a service for 
a building as shown in Figure 5.33. One panelboard has a 200-ampere main circuit 
breaker and the other has a 100-ampere main circuit breaker. The ungrounded service 
conductors are size 350-kcmil copper. Ungrounded tap conductors to the 200-ampere 
panelboard are size 3/0 AWG copper and to the 100-ampere panelboard are size 
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Figure 5.33 Determine the minimum size grounding electrode conductor tap from the 100-ampere panelboard 
grounded conductor termination point to the main grounding electrode conductor. 
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3 AWG copper. The grounded circuit conductor is run to each service enclosure. The 
grounding electrode conductor is run from the neutral in the wireway to the grounding 
electrode. Grounding electrode conductor taps are run from the grounding bus in the 
100-ampere panelboards to the grounding electrode conductor. The minimum permit- 
ted size grounding electrode conductor tap for the 100-ampere panelboard is: 

A. 8AWG. C. 4AWG. E. 2AWG. 

B. 6AWG. D. 3AWG. 


Codereference 
8. The copper Type THWN conductors for a 480-volt, 3-phase feeder protected by 
150-ampere fuses is increased from a size 1/0 AWG to a size 3/0 AWG to compensate 
for voltage drop. If the feeder is run in Rigid Nonmetallic Conduit, the minimum size 
copper equipment grounding conductor permitted to be run for this feeder is: 
A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Codereference. 
9. One building on the same property is supplied 120/240-volt, single-phase power 
from another building as shown in Figure 5.34. There is no metallic water pipe or 
other metal equipment connecting the buildings. The second existing building is sup- 
plied from a 3-wire feeder with two ungrounded conductors and a neutral. The neu- 
tral conductor is: 
A. required to be bonded to the disconnect enclosure in the second existing build- 
ing and connected to a grounding electrode. 
B. not permitted to be bonded to the disconnect enclosure or connected to a 
grounding electrode in the second building. 
C. only permitted to be connected to a grounding electrode at the supply end of the 
feeder in the first building. 
D. only permitted to be connected to a grounding electrode at the second building. 
E. not permitted to be connected to a grounding electrode at either building. 


Code reference 
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Figure5.34 Electrical power in one existing building is supplied from another building on the same property with 
a 120/240-volt, 3-wire, single-phase feeder consisting of two ungrounded conductors and a neutral conductor. 
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Figure 5.35 Electrical power in one building is supplied from another building on the same property with a 
120/240-volt, 3-wire, single-phase feeder consisting of two ungrounded conductors, a neutral conductor, and a sep- 
arate equipment grounding conductor. 


10. One building on the same property is supplied 120/240-volt single-phase power from 
another building. The second building is supplied from a 4-wire feeder with two 
ungrounded conductors, a neutral conductor, and an equipment grounding conduc- 
tor as shown in Figure 5.35. The neutral conductor at the second building is: 

A. not permitted to be connected to a grounding electrode at either building. 

B. required to be bonded to the equipment grounding conductor at the load end in 
the second building. 

C. required to be bonded to the disconnect enclosure in the second building and 
connected to a grounding electrode. 

D. only permitted to be connected to a grounding electrode at the second building. 

E. only permitted to be connected to a grounding electrode and bonded to the dis- 
connect enclosure at the supply end of the feeder in the first building. 


Codereference. 

11. A 15- or 20-ampere, 125-volt receptacle used for the reduction of electrical noise 
where the grounding terminal is isolated from the receptacle mounting yoke is 
fai to be identified by: 

a green grounding symbol. 

the words “isolated ground.” 

being completely orange in color. 

having an orange triangle on the face of the receptacle. 

having a triangle and a grounding symbol on the face of the receptacle. 


moOOw> 


Codereference. 

12. A duplex receptacle is installed in a commercial building that is wired with Electrical 

Metallic Tubing and metal device boxes. The receptacle is an isolated ground type 

with the grounding terminal insulated from the metal mounting yoke as shown in 

Figure 5.36. The receptacle is identified on the front with an orange triangle. The 

receptacle grounding terminal is required to be: 

A. bonded to the metal box. 

B. grounded with an insulated grounding wire run all the way back to the ground- 

ing bus at the service panel. 
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Figure 5.36 An insulated ground receptacle marked with an orange triangle on the front is installed in a metal 
surface mounted device box supplied by conductors run in Electrical M etallic Tubing. 


C. grounded with a bare grounding wire run all the way back to the grounding bus 
at the service panel. 

D. left open with no conductor connected to the grounding terminal. 

E. bonded with a short jumper to the neutral terminal on the receptacle. 


Codereference 
13. A hot tub installed outdoors at a single-family dwelling is required to have at least 
one receptacle on a general purpose 125-volt, 15- or 20-ampere branch-circuit 
installed not closer to the hot tub than 6 ft (1.83 m) nor a distance of more than: 
A. 15 ft (4.5 m). C. 25 ft(7.5 m). E. 50 ft(15 m). 
B. 20 ft (6m). D. 30ft (9m). 


Codereference. 
14. A building is supplied electrical power from another building by means of a 
208Y /120-volt, 4-wire overhead feeder where the grounded-circuit conductor acts as 
the equipment grounding conductor for the existing building as permitted in 
250.32(B) Exception. A Type 2 Surge-Protective Device (SPD) installed at the elec- 
trical supply to the building is: 
A. required to be installed on the supply side of the disconnecting means to the 
building. 
B. permitted to be installed on the supply side of the disconnecting means to the 
building. 
C. required to be installed outside the building and preferably at the drip loop. 
D. only permitted to be installed on individual circuit requiring protection from 
transient surges. 
E. required to be installed on the load side of the first overcurrent device in the 
building. 


Code reference 
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15. A transformer supplies a 120/240-volt, single-phase, 200-ampere panelboard from a 
480-volt, 3-phase supply. The secondary ungrounded conductors from the trans- 
former to the panelboard are size 3/0 AWG copper. This separately derived system 
installation is shown in Figure 5.37. This transformer is near the service disconnect 
to the building and it is grounded to the metal underground water pipe. The mini- 
mum size copper grounding electrode conductor permitted for this transformer 


installation is: 
A. 10AWG. C. 6AWG. E. 2AWG. 
B. 8AWG. D. 4AWG. 


Code reference 


TRANSFORMER 
COPPER GROUNDING 
ELECTRODE MINIMUM oo 
SIZE? 
200-AMPERE 
PANELBOARD 
METAL UNDERGROUND 


Figure5.37 Determine the minimum size grounding electrode conductor to the metal underground water pipe 
for a transformer supplying a panelboard with a 200-ampere main circuit breaker with size 3/0 AWG copper 
conductors. 
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UNIT 6 


Overcurrent Protection 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* name two types of overcurrent conditions. 


* explain two ways in which conductors and equipment are damaged during overcurrent 
conditions. 


* name two types of electrical fault conditions. 

* explain interrupting rating as related to electrical equipment. 

* name the two types of overcurrent conditions from which an overcurrent device protects. 
* determine the voltage drop along a length of conductor. 


* determine the minimum size wire that will limit voltage drop to a specific value for a 
given length of run and load. 


* answer wiring installation questions relating to Articles 240, 408, 550, 551, and 552. 


* state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 240, 408, 550, 551, and 552. 


CODE DISCUSSION 


The main emphasis of this unit is overcurrent protection. Several other articles are covered in which 
overcurrent protection is of particular importance. These additional topics are switchboards, panelboards, 
mobile homes, recreational vehicles, and park trailers. 

Article 240 is the subject of overcurrent protection. The FPN to 240.1 describes the purpose of over- 
current protection. Rules on overcurrent protection for specific equipment are placed in the articles covering 
that specific equipment. Those articles and subjects are listed in Table 240.3. Some of those other rules will 
be discussed in other units of this text. The Code lists standard ratings of fuses and fixed-trip circuit break- 
ers in 240.6(A). In this and other articles of the Code, reference is sometimes made to rounding up, or round- 
ing down to the next standard rating of overcurrent device. Fuses or circuit breakers are not necessarily avail- 
able at all of these standard ratings. M anufacturers also have overcurrent protective devices available in other 
rated sizes. Common ratings of time-delay fuses from 1/10 to 30 amperes are listed in Table 7.2 in Unit 7. 

NEC® 240.20(A) is fundamentally important in that a fuse, overload trip unit, or a circuit breaker is 
required to be installed in series with each ungrounded conductor. NEC® 240.21 requires that the location of the 
overcurrent protective device be at the point where the conductors receive their supply. The cases where this is 
not true are for service conductors, sometimes conductors from generators, and for a special type of conductor 
called a tap. T he definition of a tap is found in 240.2, and an example of a tap is shown in Figure 6.1. The rules 
for sizing and installing feeder and transformer tap conductors are found in 240.21. The tap rules for services 
are found in 230.46, for motors circuits tap rules are found in 430.28 and 430.53. A tap is permitted to be made 
to a branch-circuit to serve specific loads, but not to serve general use receptacles. This rule is in 210.19%A), 
which also gives rules for taps from range circuits to serve a counter-mounted cooking unit or a wall-mounted 
oven. 

NEC® 240.4 requires that conductors be protected from overcurrent in accordance with the conductor 
ampacity as determined in 310.15. This was discussed in several of the earlier units of this text. There are sev- 
eral specific situations where this rule does not apply, and those situations are listed in Table 240.4(G). 
According to 240,4(B), if the overcurrent device protecting the conductors is not rated more than 800 amperes, 
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TYPE THW COPPER CONDUCTORS 


NEC® 240.21, 230.46, 230.90(A) SIZE 300 KCMIL 


EXCEPTION 3 TAP RULES FOR 
FEEDER AND SERVICE-ENTRANCE 


CONDUCTORS TYPE THW COPPER CONDUCTORS 
TAP SIZE 3 AWG 
SPLICES Pais CONDUCTORS 
4 100-AMPERE 
200-AMPERE FUSIBLE 
PANELBOARD L, DISCONNECT 


Figure 6.1 A conductor of a smaller size is permitted to be tapped from a conductor that is larger provided the 
tap conductor ends at an overcurrent device sized not larger than the allowable ampacity of the tap conductor. 


and the allowable ampacity of the conductor does not correspond with a standard rating of overcurrent device, 
then it is permitted to protect that set of conductors with the next higher rating of standard overcurrent device. 
Assume for example a set of feeder conductors adequate to supply the intended load is size 300-kcmil copper. 
According to Table 310.16, this conductor is good for 285 amperes if there are no adjustments or corrections. 
Itis permitted to protect this conductor with a 300-ampere-rated set of fuses or a circuit breaker. This rule is not 
permitted to be used in the case of branch-circuits serving multiple receptacles intended for plug-connected 
portable loads. A ccording to 240.4(C), a conductor is required to have an allowable ampacity not less than the 
rating of an overcurrent device rated more than 800 amperes. 

NEC® 240.4(D) is a special rule that applies to conductor sizes 10 AWG copper and smaller. This rule 
sets a maximum rating of overcurrent device that is permitted to protect circuits using sizes 14, 12, and 10 
AWG copper wires, and sizes 12 and 10 AWG aluminum wires. There are some special cases like motor cir- 
cuits where this rule does not apply. 

Part V of Article 240 deals with screw shell or plug fuses, which are rated 125 volts and up to 30 
amperes. T hese fuses are permitted to be used to protect a circuit or equipment operating at 120 volts or 208 
volts line-to-line where the voltage from either conductor is not more than 150 volts. This is permitted by 
240.50(A)(2) because two fuses are working together in series for a line-to-line short circuit, and they are 
rated to handle up to 150 volts on a ground fault. They are of the Edison-base type, which is the same as a 
standard medium-base incandescent lamp. They are also available as Type S noninterchangeable fuses where 
an adapter is inserted into the standard E dison-base fuse holder. The internal threads of the adapter will only 
fit the threads on a specific ampere range. The Code recognizes Type S fuses with adapters in the range of 
up to 15 amperes, 16 to 20 amperes, and 21 to 30 amperes. The adapter is required to be nonremovable. 
Figure 6.2 shows a Type S fuse and adapter being inserted into an Edison-base fuse screw shell fuse holder. 


TYPE S$ 
FUSE 


=—- ADAPTER 


<< 


SCREW SHELL 
FUSEHOLDER 


Figure 6.2 A Type S screw shell fuse with an adapter prevents replacing a fuse with one with a much higher 
rating. 
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FERRULE 
TYPE BLADE TYPE 
REJECTION 
FEATURE || 


c __ REJECTION 
LS FEATURE 
0 TO 30 + 35TO60 7070100 110 TO 200 22570 400 450 TO 600 
AMPERES AMPERES AMPERES AMPERES AMPERES AMPERES 


250-VOLT CARTRIDGE FUSE SIZES 


Figure 6.3 Cartridge fuses are grouped into ranges of ratings that prevent replacement by a fuse with a rating 
from a higher range. 


NEC® 240.52 requires that when fuse holders of the Edison base are installed, they are to be fitted with a 
Type S fuse adapter. This prevents 20- or 30-ampere fuses from being used on a circuit that requires not larger 
than a 15-ampere fuse. A 30-ampere fuse will not fit into an adapter that is rated for 20-ampere fuses. 

Part VI of Article 240 deals with cartridge fuses. Low-voltage cartridge fuses are rated either at 
250 volts, 300 volts, or 600 volts. Fuses rated at 300 volts are considered to be Class G, and they are commonly 
used inside equipment. Fuses rated at 250 volts and at 600 volts are generally used for circuit protection. They 
are physically different in size so they cannot be interchanged. Fuses are grouped into sizes to limit the ratings 
that can be interchanged, and to be capable of handling the intended current as well as interrupting the current 
during an overload or fault. Relative sizes of cartridge fuses and the ratings are shown in Figure 6.3 for ratings 
up to 600 amperes. The physical size and rating of disconnect enclosure will change as the physical size of 
the fuses changes. 

Fuses are made as one-time blow, or as time-delay. Figure 6.4 shows the internal arrangement of a 
time-delay fuse. There is a time-delay section and one or two short-circuit sections. There are several dif- 
ferent methods of obtaining a time delay. With the type shown in Figure 6.4, solder holds contacts together. 
An overload that persists long enough will melt the solder and the spring will pull the contacts apart. The 
short-circuit section may consist of one conducting ribbon or several in parallel. Frequently there is one or 


SHORT-CIRCUIT TIME-DELAY 
ELEMENT ELEMENT 


POWDER HELPS REJECTION 
EXTINGUISH ARC FEATURE 


TIME-DELAY CARTRIDGE FUSE 


Figure 6.4 A time-delay cartridge fuse has a time-delay element and one or more short-circuit elements. 
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more narrow points on the metal ribbon that will burn apart when a high current flow occurs. It usually takes 
more than six times the fuse rating to heat the short-circuit elements enough to burn them apart. There are 
frequently multiple narrow sections on the short-circuit element in series to increase the gap quickly during a 
short circuit to stop the arcing. On some fuses, the short-circuit elements are surrounded by a powder that also 
helps stop the arc quickly. Overcurrent devices that are capable of opening very quickly have the ability to limit 
the amount of current that is allowed to flow during a short circuit. These overcurrent devices have a high 
interrupting rating, and are often considered to be current limiting. NEC® 240.60(C) requires cartridge fuses 
to have a minimum interrupting rating of 10,000 amperes, and many are rated as high as 200,000 amperes. 
Circuit breakers are required to have an interrupting rating of 5000 amperes; however, most are rated at least 
10,000 amperes. Other typical circuit-breaker interrupting ratings are 22,000, 42,000, and 65,000 amperes. 

Circuit breakers are sometimes used as switches for lighting in a building. Electric discharge lighting 
such as fluorescent luminaires (lighting fixtures) or high-intensity discharge luminaires (lighting fixtures) have 
a ballast that contains inductors and capacitors. These components can store energy that gets released when 
the circuit is opened. To deal with this extra energy that may be present, a circuit breaker that is used fre- 
quently as a switch to interrupt current flow needs to be rated to handle the extra energy that must be inter- 
rupted. NEC® 240.83(D) requires circuit breakers that are intended to be used as switches for fluorescent lumi- 
naires (lighting fixtures) to be marked SWD, and if used as a switch for high-intensity discharge luminaires 
(lighting fixtures) to be marked HID.A circuit breaker marked HID is permitted to be used as a switch for 
both fluorescent and high-intensity discharge luminaires (lighting fixtures). 

NEC® 210.12 requires receptacles in dwelling bedrooms, family room, dining room, living room, parlor, 
library, den, sun room, recreation room, closets, hallways, and similar areas on 15- or 20-ampere, 120-volt-rated 
branch-circuit to be protected by an arc-fault interrupter of the combination type. A rcing faults can develop at 
outlets, in appliance cords, or in the circuit wiring that persist for long periods of time at levels too low fora 
fuse or circuit breaker to detect. These arcing faults over time can build up enough heat to start a fire. Arcing 
faults have an intermittent current-flow pattern similar to the current shown in Figure 6.5. The arc-fault inter- 
rupter is a circuit breaker that contains an electronic device to identify the current flow pattern of an arcing fault 
and trip off power to the circuit. A rc-fault interrupters are larger than a standard circuit breaker, but generally 
will fit in the space of a single-pole circuit breaker. They have a factory installed white insulated wire that is to 
be connected to the neutral bus. The circuit ungrounded and neutral wire are connected directly to the arc-fault 
interrupter as shown in Figure 6.6. A combination-type arc-fault circuit-interrupter (AFCI) is also built into a 
receptacle similar to that of a GFCI receptacle. This type of AFCI is permitted to be installed remote from the 
service panel if certain requirements are met. The combination type is more sensitive to what is known as a 
series-arcing condition and provides a higher level of protection than the branch/feeder type AFCI. 

NEC® 240.85 lists important voltage ratings of circuit breakers that are necessary to understand in 
order to avoid potentially dangerous installations. The voltage rating of the circuit breaker may be marked 
on the side of the circuit breaker, or it may be printed on a small label on the end next to the wire terminal. 
For low-voltage molded-case circuit breakers, voltages are listed as either a single voltage such as 240 Vac 
or two voltages such as 120/240 Vac. A circuit breaker may be called upon to clear a line-to-line short cir- 
cuit, or a line-to-ground fault. A circuit breaker with a single voltage, such as 240 Vac, means the circuit 
breaker is able to withstand a line-to-line short circuit at 240 volts nominal. The circuit breaker is also able 
to withstand a line-to-ground fault of up to 240 volts nominal. This type of circuit breaker would be required 


CURRENT 


TYPICAL 
ARCING FAULT 


Figure6.5 An arcing fault in a circuit such as caused by a loose terminal or a fastener piercing a cable is char- 
acterized by an intermittent current flow. 
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Figure 6.6 An arc-fault interrupter is a circuit breaker with an internal electronic circuit that can detect an 
arcing-fault current pattern and disconnect power to the circuit. 


on a 240-volt, 3-phase, 3-wire ungrounded electrical system. If one phase becomes faulted to ground, the 


other two phases will be operating at 240 volts-to-ground. 


When a circuit breaker lists two voltages, the higher is the voltage line-to-line. A 120/240-volt rated 
circuit breaker is able to withstand a line-to-line short circuit at up to 240 volts nominal. The lower voltage is 
the maximum permitted line-to-ground voltage the circuit breaker can handle during a ground fault. Table 6.1 
lists the different types of electrical systems and the typical circuit breaker voltage ratings available that can 


Table 6.1 Circuit breaker voltage ratings permitted for various circuits and different types of low 


voltage electrical systems. 


Electrical 
System 


1-pole 
circuit breaker 


2-pole 
circuit breaker 


3-pole 
circuit breaker 


1-phase, 120/240 Vac 
3-wire 

1-phase, 120/208 Vac 
3-wire 

3-phase, 208Y/120 Vac 
4-wire 

3-phase, 480Y/277 Vac 
4-wire 

3-phase, 600Y/347 Vac 
4-wire 

3-phase, 240 Vac 
3-wire ungrounded 
3-phase, 480 Vac 
3-wire, ungrounded 
3-phase, 600 Vac 
3-wire, ungrounded 
3-phase, 240 Vac 
3-wire, corner grounded 
3-phase, 480 Vac 
3-wire, corner grounded 
3-phase, 240/120 Vac 
4-wire, delta 

(using B-phase) 
3-phase, 480Y/277 Vac 
3-wire, high impedance 
grounded 


120/240 Vac 
120/240 Vac 


120/240 Vac 


(Do not use) 
(Do not use) 


120/240 Vac 
or 240 Vac 
120/240 Vac 
or 240 Vac 
120/240 Vac 
or 240 Vac 
480Y/277 Vac 
or 480 Vac 
600 Y/347 Vac 
or 600 Vac 
240 Vac 


480 Vac 
600 Vac 
240 Vac 
480 Vac 
120/240 Vac 
or 240 Vac 


240 Vac 
480 Vac 


240 Vac 
480 Vac 
600 Vac 
240 Vac 
480 Vac 
600 Vac 
240 Vac 
480 Vac 


240 Vac 


480 Vac 
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be used for various circuits. Two-pole circuit breakers with a rating of 120/240 volts are not permitted to be 
installed in a 240/120-volt, 3-phase, 4-wire electrical system for a single-phase 240-volt load except between 
the A and C phases. The voltage from the B phase to ground is approximately 208 volts, which exceeds the 
line-to-ground voltage rating of the circuit breaker. A two-pole circuit breaker used in this panel for a 240-volt 
load connected to the B phase is required to have a single voltage rating of 240 volts. 

Part VIII of Article 240 gives some special rules for what is called a supervised industrial installation. 
NEC® 240.92 gives some special rules for outside taps from feeders and taps from transformers that are differ- 
ent than for normal tap installations. The definition of a supervised industrial installation is found in 240.2. There 
must be at least one service operating at more than 150 volts-to-ground and over 300 volts between conductors. 
And, the minimum load is required to be 2500 kVA, which at 480 volts would be more than 3000 amperes. The 
installation is also required to have a qualified electrical maintenance staff on duty. A key difference in the tap 
rule for a set of conductors from the secondary of a transformer is that conductors are permitted to be up to 
100 ft (30 m) in length, and are permitted to terminate in up to six overcurrent devices grouped together with a 
combined rating not exceeding the ampacity of the tap conductor. Taps that are run outside buildings are 
permitted to be of any length and terminate in up to six overcurrent devices grouped together with a combined 
rating not exceeding the ampacity of the tap conductors. 

Article 408 covers the use, installation, and protection of switchboards and panelboards. A switchboard is 
defined in Article 100, and itis alarge panel, frame, or assembly of panels in which are mounted switches, buses, 
overcurrent devices, and other protective equipment. M easurement instruments are also frequently included. This 
equipment is generally accessible from both the front and from the rear. A panelboard is defined in Article 100, 
and it is an assembly of electrical buses, overcurrent devices, and sometimes switches. It is used for the control of 
light, heat, and power circuits. The parts are usually installed in a cabinet accessible only from the front. 

In the past, panelboards were classified as lighting and appliance branch-circuit panelboards and as 
power panelboards. Those designations are no longer used in the Code. Panelboards are used as service equip- 
ment, and they are used for power distribution at the termination of a feeder. Whenever the panelboard is 
installed for distribution purposes at the end of a feeder or tapped from a feeder, it is required to be provided 
with overcurrent protection with a rating not exceeding the rating of the panelboard, 408.36. This overcurrent 
protection can bein the form of a main overcurrent device at the panelboard, or it can be the overcurrent device 
protecting the feeder conductors, provided that overcurrent device does not have a rating exceeding that of the 
panelboard. This is illustrated in Figure 6.7. Exception 2 of 408.36 does permit the installation of panelboards 
with two main overcurrent devices if the sum of the overcurrent device ratings does not exceed the rating of 
the panelboard. 

When used as service equipment, a panelboard typically will have a single main overcurrent device 
with a rating not exceeding the rating of the panelboard. Exception 1 of 408.36 permits a panelboard to be 
used as service equipment without a single main overcurrent device. The rules of 230.71(A) must then be 
followed which permit up to six separate overcurrent devices. In this case, the service conductors are sized 
to the load in accordance with Exception 3 of 230.90(A). It should be noted in Exception 3 that the sum of 
the ratings of the overcurrent devices is permitted to exceed the rating of the panelboard for this application. 
In the past, none of the circuit breakers used as a main could be rated 30 amperes or less where the neutral 
conductor was used as a part of the circuit or feeder. That restriction no longer exists. A panelboard used as 


OVERCURRENT DEVICE 408.36 OVERCURRENT DEVICE 
RATING GREATER RATING NOT GREATER 
THAN PANELBOARD RATING THAN PANELBOARD RATING 
f 
OVERCURRENT OVERCURRENT 
DEVICE NOT 


DEVICE REQUIRED 
REQUIRED 


Figure6.7_ Panelboards supplied by feeders are required to be provided with overcurrent protection not exceed- 
ing the rating of the panelboard. This overcurrent protection can be provided in the panelboard or at some point 
ahead of the panelboard. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Overcurrent Protection 205 


SERVICE OR FEEDER 
CONDUCTORS 


WIRE SIZE 230.90 EX2&EX5 
SEE ALSO 230.79 


SINGLE MAIN 


PANELBOARD USED 

AS SERVICE EQUIPMENT 
OR DISTRIBUTION 
EQUIPMENT 


408.36 MORE THAN 42 
OVERCURRENT DEVICES 
PERMITTED IF PANELBOARD 
IS LISTED FOR MORE. 

SEE ALSO 408.55 EX 1 


Figure6.8 A panelboard provided with individual overcurrent protection either in the panelboard or ahead of 
the panelboard and meeting the wire bending space requirements of 408.55is per mitted to be listed for more than 
42 overcurrent devices. 


service equipment with up to six main overcurrent devices is shown in Figure 6.8. Since 230.71(A) limits the 
maximum number of overcurrent devices to six, the panelboard may be limited to the number of spaces 
necessary to meet this requirement and may not be permitted to have spare spaces available. This will most 
likely be a judgment call on the part of the inspector or plan reviewer. For example, in the case of a single- 
phase panelboard used as service equipment with six 2-pole circuit breakers, the panelboard may be limited 
to 12 total spaces. In the case of a 3-phase panelboard, the limit on spaces may be 18. 

Panelboards are not necessarily limited to a maximum of 42 overcurrent devices. The number of over- 
current devices is counted as the maximum number of standard single-pole devices that can fit into the pan- 
elboard. If the panelboard is of the type that has two separate bus sections, each with an individual main over- 
current device, then the limit is 42 maximum overcurrent devices in the panelboard, 408.36 Exception 2. The 
other case where there is a 42 overcurrent device limitation is for a panelboard rated 225 amperes or less and 
either the top or bottom wire bending space is sized according to Table 312.6(A) with the other sized accord- 
ing to Table 312.6(B). If both the top and bottom wire bending space is sized according to Table 312.6(B), 
then there is no maximum 42 overcurrent device limitation. Only panelboards that are listed for more than 
42 overcurrent devices are permitted to have the 42 overcurrent device limit exceeded. 

Only one neutral conductor is permitted to be connected to a terminal of the neutral bus in a panelboard 
unless the terminal is specifically listed for more than one wire. This rule is in 408.41 and is illustrated in 
Figure 6.9. There is usually a label located on the inside of a panelboard enclosure that states the maximum 
number of equipment grounding wires of various sizes that are permitted to be installed at a single terminal. 

Article 550 begins with some definitions in 550.2 that are important for understanding the intent of the 
provisions of this article. Part II applied to wiring within the mobile home or manufactured home, the elec- 
trical disconnecting means, and the distribution equipment for the mobile home. It is important to understand 
that a mobile home is movable; therefore, the service drop or service lateral would logically connect to serv- 
ice equipment that is not mobile. The service equipment or disconnecting means for a mobile home is 
required by 550.32(A) to be located adjacent to the mobile home, and not on or within the mobile home. This 
is illustrated in Figure 6.10. NEC® 550.18 gives a method to determine the minimum permitted rating of the 
electrical power supply to the mobile home. The minimum permitted size of power supply cord or feeder to 
the mobile home is given in 550.10. Part III covers services for mobile homes and feeders in a mobile home 
park. The service for a mobile home in a mobile home park is permitted to be remote from the mobile home, 
but a disconnecting means for the mobile home is required to be installed according to the rules of 550.32(A). 
For all new feeder installations, the neutral is required to be insulated, and a separate equipment grounding 
wire is required according to 550.33(A). 

The minimum rating of service equipment for a mobile home is 100 amperes. The mobile home 
is permitted to be supplied power with permanent wiring or with a cord. Cords rated 50 amperes are 
most common, although in some cases, a 40-ampere cord is permitted. After installation, there is to be 
a minimum length of 20 ft (6 m) of cord from the point of attachment to the mobile home to the end of 
the plug. NEC® 550.11(A) requires a single main disconnect in the mobile home near the point of 
entrance of the service conductors. This is generally in the distribution panel. The rating of a circuit 
breaker acting as the disconnect is 50 amperes for a 50-ampere supply cord, and 40 amperes for a 
40-ampere supply cord. Whether the supply conductors are by means of permanent wiring or a supply 
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Figure6.9 Only a single neutral conductor is permitted to be attached to a terminal in a panelboard. 
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Figure6.10 Service equipment for a mobile home is required to be located adjacent to the mobile home and not 
on or within the mobile home. 


cord, the neutral and equipment ground are separated in the distribution panel. The neutral bus is 
insulated from the enclosure, and the equipment grounding bus is required to be bonded to the enclo- 
sure. The supply conductors from the service equipment located adjacent to the mobile home to the 
distribution panel in the mobile home is required to have an insulated green equipment grounding 
conductor and an insulated white neutral conductor. These rules are summarized in Figure 6.11 along 
with the minimum circuit requirements for a mobile home. 

Article 551 contains definitions in 551.2 that are important for understanding wiring requirements 
for recreational vehicles and recreational vehicle parks. Low voltage for recreational vehicle applications 
is defined in 551.2 as 24 volts or less either ac or dc. Low-voltage wire types used in recreational 
vehicles are specified by the Society of Automotive Engineers (SAE). It is important that a separation be 
maintained between conductors carrying direct current and those carrying alternating current. Part III of 
Article 551 deals with the installation of wiring intended to operate from a combination of power 
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Figure 6.11 A distribution panel in a mobile home is supplied with a feeder consisting of all insulated conduc- 
tors, two ungrounded, one neutral, and one equipment grounding conductor where the neutral terminal block is 
not bonded to the panel enclosure. 


sources. For example, the circuits may be supplied from a battery, or from a 120-volt alternating current 
source. Part IV applies to the installation of power sources, such as an engine-driven generator or bat- 
teries. When there are multiple power sources, such as a generator and a power supply cord, a transfer 
switch shall be installed to prevent interconnection of the power sources if such a transfer device is not 
supplied as part of the generator. 

Part V of Article 551 covers the installation of wiring to be supplied from a nominal 120-volt or 
120/240-volt electrical system. NEC® 551.41 provides the requirements for the spacing and type of receptacle 
outlets. The receptacle outlet next to a lavatory in the bath is required to be ground-fault circuit-interrupter 
protected. Also, all receptacle outlets installed to serve a counter space that are within 6 ft (1.8 m) of a lava- 
tory or sink are required to be ground-fault circuit-interrupter protected. This provision primarily applies to 
kitchen counters. NEC® 551.41(C)(2) does not apply to receptacles located within 6 ft (1.8 m) of a bathroom 
lavatory and not intended to serve a counter space as shown in Figure 6.12. NEC® 551.42 covers the minimum 
branch-circuit requirements for a recreational vehicle. The type and installation of the distribution panelboard 
including working clearances are covered in 551.45. The means of connecting the recreational vehicle to an 
external power supply are covered in 551.46. NEC® 551.47 describes the wiring methods permitted to be used 
in a recreational vehicle for 120-volt or 120/240-volt electrical systems. The methods of grounding equipment 
are covered in 551.55. 

Part VII provides requirements for determining the minimum size and installation of equipment at each 
recreational vehicle site and the feeders supplying the sites. Recreational vehicle parks are only permitted to be 
supplied power by a single phase, 120/240-volt, 3-wire electrical system according to 551.72. A fourth wire for 
equipment grounding is required to be run with the supply conductors to each RV site. 551.76. Of the recreation- 
al vehicle sites with electrical power, every one is required to provide a 20-ampere, 125-volt receptacle, according 
to 551.71.A minimum of 70% are required to be equipped with a 30-ampere, 125-volt receptacle, and a minimum 
of 20% of the sites are required to be equipped with a 120/240-volt, 50-ampere receptacle. Other receptacle 
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Figure 6.12 Receptacle outlets installed within 6 ft (1.8 m) of the lavatory in the bathroom of a recreational vehi- 
cle are not required to be ground-fault circuit-interrupter protected unless intended to serve the counter tops. 


configurations are permitted to be provided. All 15- or 20-ampere, 125-volt recreational vehicle site receptacles 
are required to be ground-fault circuit-interrupter protected. The recreational vehicle site supply equipment is 
required to contain a disconnect for the power and one or more receptacles as required for the park. The location 
where the recreational vehicle can be parked is called the stand. The receptacle and disconnect are to be located 
at the side of the stand with the dimensions described in 551.77. The equipment is to be located at least 2 ft (600 
mm) above ground, but not more than 61/2 ft (2 m). The location of the power supply pedestal for a back-in recre- 
ational vehicle site is on the driver's side of the vehicle as shown in Figure 6.13. For a drive-through recreational 
vehicle site, the power supply pedestal is to be located from the centerline of the stand as shown in Figure 6.14. 

Article 552 specifies the rules for wiring on park trailers. A park trailer is defined in 552.2 as a unit 
that is built on a single chassis which is mounted on wheels, and the unit gross area does not exceed 400 sq. 
ft (37 m’) when set up for occupancy. These units are ones that are intended for seasonal use, and they are not 
intended to have commercial uses or to be occupied as a permanent dwelling. A park trailer has differences 
that are not addressed in Article 550 on mobile homes or in Article 551 on recreational vehicles. This arti- 
cle does cover the wiring of lighting required to transport the trailer on public roads and highways. 
Electrical wiring operating from an alternating current source of 120 volts or 120/240 volts is specified in 
Part IV. The minimum permitted size of distribution panelboard and power supply cord or feeder for the 
park trailer can be determined by using the method of Article 220, Part III, or the size determination can 
be made by using 552.47. 
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Figure 6.13 The power supply pedestal for a back-in recreational vehicle site is located on the driver’s side of 
the vehicle and distances are measured from the back corner of the stand. 
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Figure6.14 Thepower supply pedestal for a pull-through recreational vehicle site is located on the driver's side 
of the vehicle, and distances are measured from the centerline of the stand. 


OVERCURRENT PROTECTION FUNDAMENTALS 


The purpose of overcurrent protection is to open a circuit if the temperature in the wiring or equipment 
rises to an excessive or dangerous level. This is discussed in the FPN to 240.1. 

Every circuit shall be protected by two levels of overcurrent protection: overload and short circuits or 
ground faults. Usually one overcurrent device provides both levels of protection, but in the case of a motor cir- 
cuit, this protection is often provided at two locations. In a typical motor branch-circuit, short-circuit and 
ground-fault protection is provided by the fuse or circuit breaker, while overload protection is provided by the 
thermal unit in the motor starter. 


Overloads 


An overload is a gradual rise in current level above the current rating of the wires in the circuit or in 
the equipment. H eat is produced as the current flows through the wires. The two important variables for con- 
ductor heating are current level and time, in addition to resistance. Equation 1.16 discussed in Unit 1 may be 
used to determine the heat produced as electrical current flows in a conductor for a given length of time. 


Heat = Current? x Resistance x Time 


Heat is in joules 

Current is in amperes 

Resistance is in ohms 

Time is in seconds 
Faults 


A high level of current generally flows during a fault. Common faults are short circuits between wires and 
faults from an ungrounded wire to ground. This condition is called a ground fault. If arcing occurs, then the fault 
is also referred to as an arcing fault, such as the case when a wire touches the conduit causing an arcing ground- 
fault. If two conductors with voltage between them are accidentally connected together, arcing generally will not 
occur. If the conductors are connected together so that arcing does not occur, this is termed a bolted fault. 


Symmetrical and Asymmetrical Current 


Understanding overcurrent protection requires an understanding of the behavior of electrical current dur- 
ing a ground fault or a short circuit. The current that flows generally is many times higher than the rating of the 
overcurrent device. W hen a graph of the current is made over time, it draws out the shape of a sine wave as shown 
in Figure 6.15. If the current wave is centered about the zero axis, then itis called symmetrical current. If a direct 
current is added to the voltage supply, then the current wave will be offset either positively or negatively as shown 
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Figure 6.15 A symmetrical current is centered around the zero line while an asymmetrical current is off-set 
either positively or negatively from the zero line resulting in a higher than normal peak and rms current. 


in Figure 6.15. During a fault, reactive loads supplied by the electrical system such as motors, can cause a 
dc offset. This is called asymmetrical current. The effect of this offset is that the peak current can be con- 
siderably higher than if the offset is not present. During an actual fault in the circuit, there is often a dc off- 
set, but it generally only lasts for a few cycles. The fault current may start out asymmetrical and quickly 
become symmetrical as shown in Figure 6.15. Even though the offset lasts only for a very short time, the 
peak current will occur in just one quarter cycle or about 0.004 seconds (4 ms). Another important number 
is the rms current. For a steady current flow, this is 0.707 times the peak current. The rms current is repre- 
sented by the dashed line in Figure 6.15. During an actual fault, the rms current starts out high and quickly 
decreases to a steady value. 


How Damage Occurs 


When a fault occurs, the amount of current that flows depends on the impedance (resistance) of the fault— 
the impedance of the wires, transformer, and electrical system feeding the fault. The circuit voltage between the 
faulted wires is also important in determining the amount of fault current that will flow. The current flow during 
a fault is often in the thousands of amperes. 

High current flow during a fault will cause strong magnetic forces that can move wires and deform 
electrical parts if the parts are not adequately secured and braced to withstand these forces. This mechanical 
force is proportional to the square of the peak current (I peak’). Arcing will occur when parts with a voltage 
between them touch together. This may be a secondary effect after the magnetic forces deform the parts. 
Heating will occur in conductors and components of the electrical system. Contacts may be welded together 
from heat produced by the rms current flow. Heating during a fault is proportional to the square of the rms 
current times time (I-ms’ X t). 

If an electrical conductor is overloaded with current for a long enough period of time, the conductor 
will get hot. The conductor insulation will begin to sustain damage when the temperature rating of the con- 
ductor is exceeded, such as 75°C (167°F). Short circuits only last for a brief time, but the heating of the con- 
ductor is controlled by the length of time and the square of the rms current. Testing by the Insulated Cable 
Engineers Association? has revealed that a size 8 AWG copper conductor with thermoplastic insulation can 
withstand up to 6800 amperes for one cycle (0.017 sec.) without damage. For one full second (60 cycles) the 
same conductor can withstand only 850 amperes without damage. A size 3/0 AWG copper conductor with 
thermoplastic insulation can withstand up to approximately 68,000 amperes for one cycle and 8800 amperes 
for one second. The goal of an overcurrent device is to cut off current in time to prevent damage to conduc- 
tors and equipment. 


Insulated Cable Engineers Association, P.O. Box 1568, Carrollton, GA 30112. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Overcurrent Protection 211 


Interrupting Ratings of Fuses and Circuit Breakers 


NEC® 110.9 requires that equipment intended to interrupt current at fault levels must have an interrupting 
rating sufficient for the circuit voltage and the current that is available at the supply terminals of the equipment. 
Circuit breakers, fuses, knife switches, and contactors are examples of components that are required to interrupt 
circuits at fault-current levels. An interrupting rating is the highest current a device is intended to interrupt at rated 
voltage under standard test conditions. NEC® 110.10 requires overcurrent devices to be capable of opening the 
circuit during a fault so as to prevent extensive damage to electrical components of the circuit. The component 
of the electrical system that is most frequently exposed to the highest available current during a short circuit or 
a fault is the service equipment. This is why in 230.66 the service equipment is required to be marked as suit- 
able for use as service equipment. The withstand rating of equipment is the maximum current equipment can 
safely handle at the system voltage. 

The responsibility of the electrician is to know when excessive short-circuit currents can occur. 
Standard circuit breakers are only required to withstand 5000 amperes of short-circuit current. However, 
most are rated at 10,000 amperes as stamped on the circuit breaker. Fuses are required to have an interrupt- 
ing rating of at least 10,000 amperes. Fuses are commonly available having interrupting ratings up to 
200,000 amperes. Some fuses have an interrupting rating as high as 300,000 amperes. 

Fuses that have an interrupting rating higher than the minimum 10,000 amperes are manufactured with a 
rejection feature as shown in Figure 6.3 and Figure 6.4. A pin can be installed into the fuse holder that will accept 
only fuses with the rejection feature. This prevents fuses that only have a 10,000-ampere interrupting rating from 
being installed in rejection fuse holders where short-circuit currents higher than 10,000 amperes are available. 


Current Limiting 


The amount of short-circuit current that will flow if there is a short circuit or a ground fault near serv- 
ice equipment may be higher than the interrupting rating of the overcurrent device at the service equipment. 
In this case the overcurrent device can be replaced with one that has an interrupting rating greater than the 
available short-circuit current. The dashed sine wave in Figure 6.16 shows the level of current that would 
flow if the overcurrent device was incapable of limiting the flow. If a circuit-breaker panelboard is installed 
adjacent to this main overcurrent device then all of the circuit breakers must have an interrupting rating not 
less than this current. M any fuses, and some circuit breakers open the circuit so rapidly the peak current of 
the first half cycle never gets through to load side equipment. This type of overcurrent device is called cur- 
rent limiting. The solid line in Figure 6.16 represents the short-circuit current during a fault. For a fuse, the 
current increases until the short-circuit element melts. Then there is a short period of arcing within the fuse 
as the current flow is terminated. The peak let-thru current of the fuse is much less than the original peak 
current. And the rms let-thru current is much less than the previous rms current. 
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Figure6.16 An overcurrent device that is current limiting is able to open the circuit within the first half-cycle of 
fault-current flow, which limits the peak and rms current that are let-thru the device. 
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Series Rating 


In the case where a fusible switch acts as the service disconnect and it is followed immediately by a 
circuit-breaker panelboard, the two overcurrent devices may operate at the same time to open when there is 
a short circuit or a ground fault. If the circuit breaker immediately follows the fuse as shown in Figure 6.17, 
and they both act at the same time to clear a fault, they are considered to be a series-rated system. The same 
would be true for a circuit-breaker panelboard with a main circuit breaker acting as the service disconnect. 
The main circuit breaker immediately followed by a branch-circuit or feeder circuit breakers are considered 
to be a series-rated system. If both overcurrent devices have an interrupting rating not less than the available 
short-circuit current, then this is considered to be a fully-rated system. Each overcurrent device is capable of 
opening the circuit during a ground fault or short circuit without the help of the other circuit breaker. 

With a series-rated system, the first circuit breaker or fuse must have an interrupting rating not less than 
the available short-circuit current. The circuit breaker that immediately follows is permitted to have an inter- 
rupting rating less than the available short-circuit current if the two overcurrent devices acting at the same time 
have a listed series interrupting rating greater than the available short-circuit current. Example interrupting rat- 
ings are shown in Figure 6.17. In each case, the first overcurrent device has an interrupting rating greater than 
the available short-circuit current. The circuit breakers in the panelboard have an interrupting rating less than 
the available short-circuit current. Note in both cases in Figure 6.17, the circuit breakers in the panelboard act- 
ing in series with the first overcurrent device each have a series-interrupting rating that is greater than the avail- 
able short-circuit current. These are acceptable installations provided the equipment is labeled as a series-rated 
system, 240.86(A) and 110.22. Suggested wording for the series rated-label is given in 110.22. Specific replace- 
ment parts required are listed as manufacturer and model number of fuses and circuit breakers. 


Feeder Taps 


A conductor is permitted to be tapped from a feeder where the feeder overcurrent device has a higher rat- 
ing than the allowable ampacity of the tap conductor. This is permitted where the tap conductor terminates at 
an overcurrent device with a rating not higher than the allowable ampacity of the tap conductor. This practice, 
illustrated in Figure 6.18, is permitted by 240.4(E). The overload protection is provided by the fuse or circuit 
breaker at the tap termination. The short-circuit and ground-fault protection is provided by the fuses or circuit 
breaker protecting the feeder. There are several rules for determining the size of tap conductor with respect to 
the rating of the feeder overcurrent protection. These rules are found in 240.21 and are based upon the distance 
from the tap point to the tap overcurrent device and the degree of hazard due to location. A transformer is 
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Figure 6.17 Two overcurrent devices in series such as a fuse and circuit breaker or two circuit breakers open- 
ing at the same time can act to limit the let-thru current during a short circuit or ground fault to protect load side 
equipment from excessive current. This arrangement is called a series-rated system. 
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Figure6.18 A tap isa conductor of lower ampacity connected to a feeder conductor and ending at a single over- 
current device that has a rating not greater than the ampacity of the tap conductor. If the distance from the tap 
point to the overcurrent device is not more than 10 ft (3 m), the tap conductor is permitted to have an ampacity 
as low as 10% of the feeder overcurrent device rating. 


permitted to be installed along a tap, but that case will be discussed in Unit 8. The secondary conductors leav- 
ing a transformer are also considered to be tap conductors and those cases will be discussed in Unit 8. 

The rules for a 10 ft (3 m) tap are covered in 240.21(B)(1). The distance from the tap point to the tap 
overcurrent device is not permitted to be more than 10 ft (3 m). The tap conductor is required to be enclosed 
in raceway. The tap conductor is required to have an allowable ampacity not less than the load to be served 
and not less than the rating of the fuse or circuit breaker at its termination. And finally, the tap conductor 
must have an allowable ampacity not less than 10% of the rating of the overcurrent device protecting the 
feeder. These rules are illustrated in Example 6.1. 


Example 6.1 A feeder protected by a 200-ampere circuit breaker consists of size 4/0 AWG copper 
Type THW conductors run in Rigid M etal Conduit with several pull boxes located along the length of 
the feeder. The feeder is tapped at one of the pull boxes to supply an electrical resistance heater with 
a full-load current of 37 amperes. The distance from the tap point to a 50-ampere rated overcurrent 
device is just under 10 ft (3 m) as shown in Figure 6.18. The copper Type THWN tap conductors are 
run in EMT with all terminations rated 75°C. Determine the minimum size tap conductor. 


Answer: For this situation there are two points to be considered. First, meet the conditions of 
240.21(B)(1)(1)b. The tap conductor must have an allowable ampacity not less than the overcurrent device 
at its termination. The overcurrent device has a 50-ampere rating. Therefore, find a copper conductor 
size that has an allowable ampacity of not less than 50 amperes in the 75°C column of Table 310.16. 
The minimum size permitted is 8 AWG. The other condition is that of 240.21(B)(1)(4). The rating of the 
overcurrent device protecting the feeder is not permitted to have a rating higher than 10 times the 
allowable ampacity of the tap conductor, which in this case is 500 amperes (50A x 10 =500A). Another 
approach is to divide the feeder overcurrent device rating by 10 to determine the minimum allowable tap 
conductor ampacity which is 20 amperes (200A /10 =20A). The size 8AWG copper conductor required 
to supply the load is adequate to also meet this rule. The minimum size tap conductor for this installation 
is 8AWG copper. 


The tap is permitted to have a total length of 25 ft (7.5 m) from the tap point to the overcurrent device 
in cases where itis not practical to limit the length of the tap to 10 ft (3 m). The rules for a 25 ft (7.5 m) tap 
are found in 240.21(B)(2). The tap conductor is required to be suitably protected or run in raceway. The tap 
conductor is required to terminate at a single set of fuses or a circuit breaker with a rating not higher than 
the allowable ampacity of the tap conductor. And finally, the allowable ampacity of tap conductor is not per- 
mitted to be less than one-third the rating of the feeder overcurrent device. Determining the size of a tap con- 
ductor for a load using the 25 ft (7.5 m) tap rule is demonstrated by Example 6.2. 


Example6.2 A feeder protected by aset of 400-ampere fuses consists of size 500-kcmil copper Type 
THWN conductors run in Electrical M etallic Tubing with several pull boxes located along the length 
of the feeder. The feeder is tapped at one of the pull boxes to supply aload that draws 46 amperes, with 
the tap terminating at a switch containing 60-ampere fuses. The distance from the tap point to the 
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60-ampere fuses is just under 25 ft (7.5 m) as shown in Figure 6.19. The tap conductors are copper, 
Type THWN, all terminations are rated 75°C, and the tap conductors are suitably protected from phys- 
ical damage. Determine the minimum size tap conductor. 


Answer: For this situation there are two points to be considered. First, meet the conditions of 
240.21(B)(2)(2). The tap conductor must have an allowable ampacity not less than the overcurrent 
device at its termination. The fuses have a rating of 60 ampere. Therefore, find a copper conductor size 
that has an allowable ampacity of not less than 60 amperes in the 75°C column of Table 310.16. The 
minimum size copper tap conductor permitted is 6 AWG. The other condition is that of 240.21(B)(2)(1). 
The rating of the overcurrent device protecting the feeder is not permitted to be less than one-third the 
rating of the overcurrent device protecting the feeder which would be 133 amperes (400 A / 3 =133A). 
The tap conductor is required to have an allowable ampacity of not less than 133 amperes even if the 
load served is much smaller. This rule requires a size 1/0 AWG copper conductor from the tap point to 
the disconnect switch. The conductors on the load side of the 60-ampere fuses is permitted to be size 
6 AWG. The minimum tap conductor size permitted for this installation is 1/0 AWG copper. 


In the case of a manufacturing building with a room that is not less than 35 ft (11 m) above the floor 
at the walls, it would be impractical to tap a feeder run along the underside of the roof. It would not be pos- 
sible to get to an overcurrent device accessible from the floor within the 25 ft (7.5 m) limit. NEC® 
240.21(B)(4) permits the tap to be up to 100 ft (30 m) in length in the high ceiling area of a manufacturing 
building where the tap is actually made not less than 30 ft (9 m) above the floor. The tap is not required to 
be directly below the tap point. The single overcurrent device at the tap termination is permitted to be located 
anywhere within 25 ft (7.5 m) measured horizontally of a point directly below the tap to the feeder as illus- 
trated in Figure 6.20. This conductor is required to be not smaller than size 6 AWG copper or size 4 AWG 
aluminum and they are not permitted to penetrate any walls, floors, or ceilings. The remaining rules are the 
same as for 25 ft (7.5 m) feeder taps. Example 6.3 is a case in point of a feeder supplying two panelboards 
in ahigh ceiling manufacturing building. 


Example6.3 A feeder protected by a 400-ampere circuit breaker consists of size 600-kcmil copper 
Type THWN conductors run in Electrical Metallic Tubing across the ceiling of a manufacturing 
building to supply two panelboards each with a 200-ampere main overcurrent device. The feeder is run 
40 ft above the floor with the tap points also 40 ft above the floor. The tap conductors are run in Rigid 
Metal Conduit down a structural support to the panelboard mounted with the top 6 ft (1.83 m) above 
the floor. The tap conductors are copper, Type THWN, and all terminations are rated 75°C. Determine 
the minimum size tap conductor. 


N FEEDER, 500 KCMIL, COPPER, TYPE THWN 
A 


400-AMPERE 
FUSES LESS THAN |_____ TAP CONDUCTOR 
25 FT COPPER SIZE 1/0 AWG 
(7.5 M) 
NEC ® 240.21(B)(2) 


*—— 60-AMPERE 
FUSES 


46-AMPERE 
LOAD 


Figure 6.19 If the distance from the tap point to the overcurrent device is not more than 25 ft (7.5 m) and more 
than 10 ft (3 m), the minimum ampacity of the tap conductor is not permitted to be less than the single overcur- 
rent device at its termination or one-third the rating of the feeder overcurrent device, whichever is higher. 
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Figure6.20 Ina manufacturing building with a ceiling not less than 35 ft above the floor at the walls, a tap toa 
feeder made at least 30 ft above the floor is permitted to havea total length of not more than 100 ft and terminate 
at a single overcurrent device rated not greater than the ampacity of the conductor. The tap conductor ampacity 
is also not permitted to be less than one-third the rating of the feeder overcurrent device. 


Answer: For this situation there are two points to be considered. First, meet the conditions of 
240.21(B)(4)(4). The tap conductor must have an allowable ampacity not less than the overcurrent 
device at its termination. The overcurrent device has a 200-ampere rating, therefore, find a copper 
conductor size that has an allowable ampacity of not less than 200 amperes in the 75°C column of 
Table 310.16. The minimum size permitted is 3/0 AWG. The other condition is that of 240.21(B)(4)(3). 
The tap conductor ampacity is not permitted to be less than one-third the rating of the feeder overcur- 
rent device. According to this rule, the tap conductor is required to have an ampacity not less than 
133 amperes (400 A / 3 = 133A). The load requires size 3/0 AWG. Therefore, the ampacity required 
by this rule is easily exceeded. The minimum size tap conductor for this installation is 3/0 AW G copper 
with a total length of approximately 34 ft (10.36 m). 


Tap conductors, either run overhead or underground, are frequently outdoors except at the point of 
entry to a building. NEC® 240.21(B)(5) permits a feeder conductor that is run outside a building to be tapped, 
outside the building, to supply another load provided the feeder has an adequate ampacity, as determined by 
215.2, to supply all loads. The tap conductor is permitted to be of any length provided it is run completely 
outside except at the point of entry to the building supplied. The tap conductor is required to be sized to the 
load served, but it is not required to be limited by the rating of the feeder overcurrent device. Example 6.4 
will show an application of the outside tap rule. 


Example 6.4 A group of several buildings are supplied power from a central distribution point 
consisting of a 400-ampere fusible switch rated as suitable for use as service equipment, and located 
outdoors near the utility transformer pole. A tap box is installed at this location and the buildings are 
supplied using underground aluminum Type USE single-conductor direct burial cable. A tap box is 
installed beside the service disconnect and no overcurrent protection other than the 400-amperes fuses 
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Figure6.21 A tap toa feeder that is completely outside a building except at the point of termination to the build- 
ing is permitted to be of any length and is only required to have an ampacity not less than the single overcurrent 
device at its termination. 


in the service disconnect protects the taps to the buildings. One of the taps is 150 ft in length and ter- 
minates at a panelboard with a 100-ampere main circuit breaker. The tap is illustrated in Figure 6.21. 
All terminations are 75°C rated. Determine the minimum size aluminum tap conductor. 


Answer: There is only one condition that must be met to size the conductor— provided this qualifies 
as an outside tap. The allowable ampacity of the conductor is not permitted to be less than the rating 
of the 100-ampere overcurrent device at its termination. Look up the minimum conductor size in the 
75°C column of Table 310.16. The minimum tap conductor size for this situation is 1 AWG aluminum, 
Type USE. 


VOLTAGE DROP 


The minimum size conductor for a branch-circuit or feeder may not be adequate if the circuit or feeder 
length causes an excessive voltage drop. Excessive voltage drop results in inefficient operation of electrical 
equipment, sometimes malfunctioning of control systems, and premature motor failure. Voltage drop is 
caused by the current experiencing the resistance of the circuit. The more current, the more voltage drop 
caused by the circuit conductors. This is simple Ohm’s law such as described in Equation 1.4 in Unit 1. The 
solution is to reduce the resistance of the conductors which is described by Equation 1.2 in Unit 1. An actual 
circuit is two wires for single-phase and three wires for 3-phase. Therefore, Equation 1.4 must be modified 
to account for all circuit conductors. Equation 6.1 can be used to determine voltage drop in a single-phase 
circuit. Equation 6.2 accounts for the current flowing on all three conductors and gives the voltage drop for 
a 3-phase circuit. 


Voltage = Current x Resistance Eq. 1.4 
Resistance of Wire = SS i engin) Eq. 1.2 
Area (A) 
Single-phase circuit 
Voltage Drop = 2 < Current x Resistance Eq. 6.1 
Three-phase circuit 
Voltage Drop = 1.73 < Current x Resistance Eq. 6.2 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Overcurrent Protection 217 


The Code does not have a requirement on the amount of voltage drop permitted on branch-circuits and 
feeders in general. It is suggested, however, that a maximum of 5% voltage drop be permitted on a feeder 
plus branch-circuit to the most distant point of power use. This is in the form of a FPN in 215.2 and 
210.19(A) FPN 4. Many tables, charts, and formulas are available to size wires that limit voltage drop to 
within a specified percentage. Voltage drop is the extent to which the line voltage at the source end of a 
branch-circuit or feeder is reduced as the load current flows along the conductors. The way to measure volt- 
age drop is to operate the load, then measure the voltage at the source end of the branch-circuit or feeder and 
at the load end. Equation 6.3 can be used to determine the percent voltage drop when the line-to-line voltage 
is measured at the source and load ends of a conductor carrying current. Example 6.5 shows how percentage 
voltage drop can be determined for an actual circuit. 


Percent Voltage Drop = woe a nea <x 100 Eq. 6.3 
ource 


Example 6.5 A single-phase, 5-horsepower, 240-volt electric motor draws 28 amperes and is sup- 
plied by size 8 AWG copper conductors that have a one-way length from the panelboard to the motor 
of 360 ft (109.7 m). During the normal operation within the building and the motor running, there was 
240 volts at the panelboard and 225.3 volts at the motor. Determine the percent voltage drop for this 
circuit. 


Answer: Use Equation 6.3 to determine the percentage voltage drop. The 240 volts is at the source 
and the 225.3 volts is at the load. For this circuit, the voltage drop is 6.1%. 


Percent Voltage Drop = —————— — x 100 = 6.1% 


Calculating the expected voltage drop for a circuit involves looking up the resistance of the conductor 
in Table 8, Chapter 9 of the Code for the proper wire size, and making an adjustment for the actual length 
and operating temperature. A typical operating temperature for branch-circuits and feeders can be assumed 
to be about 50°C. The values of resistance in Table 8 are at 75°C. Another way to determine expected voltage 
drop is to substitute Equation 1.2 into Equation 6.1 or 6.2 and come up with a new equation where all you 
need to do is remember the typical value of resistivity for the conductor. The result is the following two 
equations for voltage drop, where Equation 6.4 is for single-phase voltage drop and Equation 6.5 is for 
3-phase voltage drop. Values of resistivity K for copper and aluminum conductors in both English and met- 
ric units are given in Table 1.2 in Unit 1. Suggested values for K are at approximately 50°C and are listed 
below: 


Single-phase 


Voltage Drop = — -— — —— — — -— — —— = — Eq. 6.4 


Three- phase 


Voltage Drop = 173 a K xe urrent a 0 ne-way length Eq. 6.5 


Wire cross-sectional area 


English Units: K =12 for copper and 19 for aluminum 
One-way length is in ft 
Wire cross-sectional area is in circular mils (cmil) 


Metric Units: K =0.02 for copper and 0.032 for aluminum 
One-way length is in meters (m) 
Wire cross-sectional area is in square millimeters (mm?) 
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Example 6.6 A building with a 120/240-volt single-phase, 100-ampere panelboard is supplied with 
asize 3 AWG overhead aluminum triplex cable, which is 180 ft (54.86 m) in length. If the typical load 
in the building is evenly balanced with 80 amperes, on each ungrounded conductor, determine if the 
voltage drop on the overhead conductor is in excess of 2% assuming 240 volts at the supply end of the 
triplex cable. 


Answer: First multiply 240 volts by 0.02 to get 4.8 volts as a 2% voltage drop. Next, use 
Equation 6.4 to determine the expected voltage drop. It will be assumed the conductor temperature 
will be approximately 50°C. Use 19 (0.032 metric) as the value of K in Equation 6.4. It will be nec- 
essary to look up the cross-sectional area of a size 3 AWG conductor in Table 8, Chapter 9 in the 
Code and find it to be 52,620 cmil (26.7 mm’). The expected voltage drop is 10.4 volts, which is 
more than 2%. 


Voltage Drop = 2 eee 2 10.4 volts 


52,620 cmil 


Voltage Drop = 2 eee one 0 = 10.5 volts 


26.7 mm? 


If voltage drop was expected to be excessive, then it would be desirable to have an easy way to select 
a wire size that would limit the voltage drop to the desired percentage. That can easily be accomplished by 
a slight rearrangement of Equations 6.4 and 6.5. The following Equations 6.6 and 6.7 can be used to deter- 
mine the wire size required to limit the voltage drop. The result of the calculation will be the cross-sectional 
area of the wire. The actual wire size is found in Table 8, Chapter 9 in the Code. The value for voltage drop 
in the equation is actually in decimal. For example, if the desired voltage drop is 3%, insert 0.03 into the 
equation. 


Single-phase 


Wire cross-sectional area = a2 OK» Current Dine wey leat Eq. 6.6 


% voltage drop x Voltagesuppiy 
Three-phase 


Wire cross-sectional area = 2 Curent < One way gn Eq. 6.7 


% voltage drop x Voltagesuppiy 


Example 6.7 A building with a 120/240-volt single-phase, 100-ampere panelboard is supplied with 
an overhead aluminum triplex cable which is 180 ft (54.86 m) in length. If the typical load in the build- 
ing is evenly balanced with 80 amperes on each ungrounded conductor, determine the minimum size 
conductor required to limit the voltage drop on the feeder to 2%. 


Answer: Use Equation 6.6 to find the cross-sectional area of the conductor required to limit the 
voltage drop to 2%. Assume the conductor operating temperature is approximately 50°C and the 
value of K for the equation will be 19 (0.032 metric). The cross-sectional area of conductor needed 
is 114,000 cmil (58.5 mm’). Now look up the conductor size in Table 8, Chapter 9 of the Code and 
find size 2/0 AWG. 


0.02 x 240 V 
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For wire sizes larger than AWG number 4/0, skin effect and inductive reactance frequently become sig- 
nificant and must be considered. Table 9, Chapter 9 of the Code contains impedance values of wires in dif- 
ferent types of raceway where the power factor is not unity. If a motor load is being supplied by a branch- 
circuit or feeder, the voltage drop can be estimated using the impedance values from Table 9. If the power 
factor of the circuit or feeder is approximately 0.85, then impedance values are given in Table 9. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC° that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide 240 Overcurrent Protection 


240.4(D ): For the first time, the Code now permits size 18 AWG copper and size 16 AWG copper wires for use 
as power circuit wires in applications other than in luminaires and appliances. The conductors are required 
to be protected from overcurrent rated at not more than 7 amperes for size 18 AWG and 10 amperes for 
size 16 AWG. If the conductors are supplying continuous loads, the overcurrent devices are not permitted 
to be loaded to more than 80% of the overcurrent device rating. The previous edition of the Code prima- 
rily limited wires of these sizes to control circuit applications. Requirements for type of overcurrent 
protection are also covered in this section. The minimum size for premises wiring remains as 14 AWG 
copper according to 310.5. An application for the new rule is industrial machinery systems wiring. 

240.5(B )(1): A new sentence was added that points out that if the branch-circuit rating exceeds the max- 
imum ratings listed in 240.5(B)(2) for fixture wires, the fixtures wires are required to be provided 
with overcurrent protection. This is not a change, but points out that luminaires are permitted to be 
installed on circuits of higher rating provided the wires within the luminaire are provided with over- 
current protection. 

240.21(C)(2)(4): This paragraph sets limits on the minimum size of tap conductors that are permitted on the 
secondary side of a transformer. The overcurrent protection on the primary is not permitted to exceed 
10 times the ampere rating of the smallest secondary conductor after adjusting for the voltage change. 
The change is that this rule only applies to conductors extending outside of the transformer enclosure 
or outside of the transformer vault. This means that instrumentation and control wires within the trans- 
former enclosure or within the vault room are exempt from this rule and are permitted to be sized 
according to their respective purpose. 

240.21(C)(3): This is a special transformer tap rule that applies only for industrial applications where the sec- 
ondary conductors from the transformer have an ampere rating not less than that of the transformer 
secondary and ends in multiple overcurrent devices which have a combined rating not more than the 
ampere rating of the conductor. The change is that this practice is only permitted where qualified per- 
sonnel will service the installation. 

240.21(H): This is a new paragraph that requires overcurrent protection to be provided in direct current wires 
from a storage battery to be installed as close to the battery as practical. 

240.24(F): Overcurrent devices are not permitted to be located over steps of a stairway, as illustrated in 
Figure 6.22. 

240.86(A ): This paragraph permits a licensed professional engineer to select a series rated set of overcurrent 
devices. A new paragraph was added that points out a caution that the engineer must make sure that 
the load side overcurrent device does not trip or open faster than the line side overcurrent device. 

240.92(B): This is a new paragraph that permits sizing of feeder taps of lengths of 25 ft (7.5 m) as described 
in 240.21(B)(2), 240.21(B)(3), and 240.21(B)(4) using a calculating method as described in a new 
Table 240.92(B). This is only permitted in supervised industrial installations. 


Artide 408 Switchboards and Panelboards 


408.3(F): In the case of a 240/120 volt, 4-wire delta, 3-phase electrical system, the midpoint of one phase is 
grounded to form a 120/240 volt, 3-wire, single-phase system, and by adding the other ungrounded 
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Figure6.22 Overcurrent devices are not permitted to be located above a stairway; therefore, a panelboard is not 
permitted to be located above stairs. 


conductor a 240 volt 3-phase system is also available. Two of the ungrounded conductors will have a 
nominal 120 volts to ground, and the third ungrounded conductor will have a nominal 208 volts to 
ground. In 110.15 and 408.3(E), that phase is described as the one with the higher voltage to ground. 
In 110.15, that phase is required to be provided at the time of installation with orange markings at 
points of termination and potential points of connection. In 408.3(E), that conductor with the higher 
voltage to ground is required to be installed such that it is the “B” phase. A pparently, these identifying 
techniques are not sufficient to prevent problems, and now this new paragraph requires that a warning 
label be attached to the switchboard or panelboard. The warning label is to read “Caution B Phase has 
208 Volts to Ground,” as illustrated in Figure 6.23. 

408.4: This section requires labeling of circuits in switchboards and panelboards. Two new points were 
added to the list of circuit labeling requirements. Unused or spare switches or circuit breakers are to 
be labeled as spare or unused. The other is that circuits are to be labeled in such a manner that the out- 
lets they supply are identified by a physical characteristic of the structure and not based upon some 
transient description such as “receptacles in spare office.” That office may not be spare with the next 
occupant. Examples are shown in Figure 6.24. 

408.34: This section that provided a description of a lighting and appliance branch-circuit panelboard and a 
power panelboard was deleted. The Code makes no distinction between these two types of panelboards. 

408.35: This section specified a maximum of 42 overcurrent devices in a lighting and appliance branch 
circuit panelboard. This section was deleted. The only reference to a maximum of 42 overcurrent 
devices is now in 408.36 Exception 2 and 408.55 Exception 1. There is a new section 408.54 that 
makes reference to the maximum number of overcurrent devices, but there is no set maximum number. 


CAUTION B-PHASE 
3-PHASE, 4-WIRE 
240/120 VOLT 208 VOLTS TO GROUND 


408.3(F) CAUTION LABEL 
REQUIRED ON PANELBOARD 


Figure 6.23 When a panelboard is supplied power from a 240/120 volt, 4-wire, 3-phase delta electrical system, 
one phase conductor has a higher voltage to ground than the other phases; thus, the panelboard is required to be 
provided with a warning about the phase with the higher voltage to ground. 
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408.24 SPARE DEVICES 
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LABELS SHALL BE 
LOCATION SPECIFIC NOT 
USE SPECIFIC 


I MAIN 


DIRECTORY 


REC E’S RM 


SPARE 


Figure 6.24 The directory in a panedboard must indicate if an overcurrent device is a spare and not used, and 
circuit descriptions must be unique to the structure and not to their use. 


408.36: There is no longer a distinction between a power panelboard and a lighting and appliance branch- 
circuit panelboard. The section simply states that all panelboards are required to be protected by an 
overcurrent device with a rating not greater than the rating of the panelboard. 

408.36 Exception 1: When used as service equipment, a panelboard is permitted to be protected by multiple 
circuit breakers or sets of fuses in accordance with 230.71 as shown in Figure 6.25. There are no other 
limitations other than that in the case of three or more main overcurrent devices the panelboard is only 
permitted to have a single bus set. An overcurrent device is not permitted to supply a second bus in the 
panelboard. In the past, this practice was not permitted if there were more than 10% of the overcurrent 
devices rated 30 amperes or less where a neutral was used as a part of the circuit. That limitation no 
longer exists. 

408.36 Exception 2: A panelboard is permitted to be protected by two circuit breakers or two sets of fuses, 
provided the total number of other overcurrent devices does not exceed 42. 

408.54: This new section simply specifies that a panelboard is not permitted to accept more overcurrent 
devices than for which it was listed. It is permitted for a panelboard to be listed for more than 42 over- 
current devices. 

408.55 Exception 1: The section requires both a top and bottom wire bending space to be sized in accordance 
with Table 312.6(B). This exception only requires the top or the bottom wire bending space to be sized 
in accordance with Table 312.6(B) with the other sized according to Table 312.6(A), and where the rat- 
ing of the panelboard is 225 amperes or less. An additional restriction was added that the panelboard is 
to be designed to contain not more than 42 overcurrent devices. These rules are illustrated in Figure 6.26. 


Artide550 Mobile Homes, Manufactured Homes, and M obile Home Parks 


550.25(B): This section specifies that all 15- or 20-ampere, 120-volt outlets installed in bedrooms of a mobile 
home or manufactured home are to be arc-fault circuit-interrupter protected in accordance with 
210.12(B). For permanent homes, rooms other than bedrooms are covered by this rule, but not for 


408.36 EX 1 PANELBOARD 
USED AS SERVICE EQUIPMENT 


MINIMUM SIZE 
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|O 
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Figure 6.25 A panelboard used as service equipment is permitted to contain up to six overcurrent devices as 
mains, and there is no limitation on the rating or use of these six overcurrent devices. 
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408.55 EX 1 PANELBOARDS 
RATED 225 AMPERE AND LESS 


WIRE BENDING 
SPACE ACCORDING 
TO TABLE 312.6(B) 


WIRE BENDING / LIMITED TO NOT MORE THAN 
PERMITTED TO BE LISTED SPACE ACCORDING 42 OVERCURRENT DEVICES 
FOR MORE THAN 42 TO TABLE 312.6(A) 

OVERCURRENT DEVICES 


Figure 6.26 A panelboard rated 225 amperes or less with the top or bottom wire bending space meeting the 
requirements of Table 312.6(B) and the other meeting the requirements of Table 312.6(A) is limited to a maximum 
of 42 overcurrent devices. 


mobile homes and manufactured homes. A fter J anuary 1, 2008 the arc-fault circuit-interrupter (A FC!) 
will be required to be of the combination type. Also the AFC! will be permitted to be of the recepta- 
cle type if installed according to the rules of 210.12(B) Exception 1. 

550.33(A )(2): The service for a mobile home is permitted to be located elsewhere on the property with a feeder 
extending to a disconnecting means adjacent to the mobile home. T hat disconnect is required to be rated 
as suitable for use as service equipment, 550.32(A). The change deals with the feeder conductors run 
from the remote service and the disconnect at the mobile home site. For new installations, that feeder is 
required to be 4-wire with an insulated neutral and a separate equipment grounding conductor. The 
grounded feeder conductor is not permitted to be grounded at the mobile home site disconnecting 
means. There is an exception for an existing feeder that does not have a separate equipment grounding 
conductor. The exception permits the grounded circuit conductor to serve as the equipment grounding 
conductor and be connected to the grounding electrode at the mobile home site. This is illustrated in 
Figure 6.27. This is the same rule as 250.32(B) which applies in the case of electrical supply to other 
buildings or structures on the same property. 


NEUTRAL NOT BONDED 
TO EQUIPMENT GROUND 
OR GROUNDING ELECTRODE 


MOBILE HOME OR 


MANUFACTURED HOME EQUIPMENT GROUNDING 


WIRE REQUIRED FOR ALL 
FEEDERS, 550.33(A)(2) 


UNGROUNDED WIRES 


NEUTRAL WIRE 
MUST BE 


EQUIPMENT GROUNDING INSULATED 


I 
I 
WIRE BONDED TO ——p 
GROUNDING ELECTRODE wt Li __Y_______e. 


Figure6.27 For all new feeder installations to a mobile home site, the neutral conductor is required to be insulated, 
and a separate conductor for equipment grounding is required for both overhead and underground installations. 
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Artide551 Recreational Vehicles and Recreational Vehicle Parks 


551.4: A recreational vehicle and recreational vehicle park are now permitted to be supplied using 208/120 
volt, 3-phase feeders to supply recreational vehicle sites. 

551.31(C): An alternate power supply for a recreational vehicle is now permitted to be derived from a 
208/120 volt, 3-phase supply. 

551.42(D): A recreational vehicle is permitted to have a power-assembly rated 120/208-240 volt, 50 amperes. 
The previous edition of the Code only recognized a power-assembly rated 120/240 volt at 50 amperes. 

551.46(D): The label near the power supply entrance to a recreational vehicle is now permitted to include 
208/120 volt as well as 120/240 volt. 

551.47(P)(2): The wiring that is installed in the expandable unit of a recreational vehicle is permitted to be 
run as flexible cord. There is now a longer list of wiring requirements for the installation of flexible 
cord as permanent wiring in the expandable unit. 

551.47(R)(1): Where a generator on the recreational vehicle provides overcurrent protection for wiring sup- 
plied by the generator, additional overcurrent protection is not required to be installed. 

551.47(R)(4): The label on the cover of the junction box providing wires for a generator connection is now 
required to state that the generator is to be listed for RV use. 

551.47(S): This is anew section that provides requirements for the pre-wiring of circuit for future appliances. 
Requirements are provided for the installation of the circuits as well as the safe termination of the cir- 
cuit conductors. 

551.60(4): This is anew provision under factory testing that requires all GFCI devices to be tested by the RV 
manufacturer to make sure they are working properly. 
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WORKSHEET NO. 6— BEGINNING 
OVERCURRENT PROTECTION 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A standard rating of an overcurrent device as recognized by the Code is: 
A. 55 amperes. D. 750 amperes. 
B. 130 amperes. E. 1500 amperes. 
C. 700 amperes. 
Codereference 
2. A molded-case circuit breaker permitted to be used as a switch for high-pressure 
sodium luminaires (lighting fixtures) in a gymnasium is required to be labeled: 


A. with circuit rating. 

B. SWD. 

C. suitable as switch for luminaires (lighting fixtures). 
D. HPS loads. 

E. HID. 


Code reference 


3. The screw shell fuse with a hexangular window as shown in Figure 6.28 has a rating 


of not over: 
A. 10 amperes. C. 20 amperes. E. 30 amperes. 
B. 15 amperes. D. 25 amperes. 


Codereference. 
4, A size 14AWG copper conductor serves less than 12 ampere of fixed lighting load 
in acommercial building. The conductor insulation and terminations are 75°C rated 
and the allowable ampacity of the conductors from Table 310.16 is 20 amperes. The 
maximum rating overcurrent protection permitted for the circuit is: 
A. 12 amperes. C. 17.5 amperes. E. 25 amperes. 
B. 15 amperes. D. 20 amperes. 


Code reference 


Figure 6.28 What is the maximum rating of a plug fuse with a hexangular window? 
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+———Y FUSE 


=a ADAPTER 
ee 


SCREW SHELL 
FUSEHOLDER 


Figure 6.29 What kind of screw shell fuse uses an adapter in the screw shell fuseholder? 


5. When an electrician installs a device that accepts screw shell fuses, they are to be of 
the type shown in Figure 6.29 that have an adapter that will only accept a fuse up to 
a particular maximum rating. This type of fuse in the Code is called: 

a Type S fuse. 

an Edison-base fuse. 

a current-limiting fuse. 

a class K fuse. 

an instantaneous fuse. 


moOOD> 


Codereference 
6. When terminating neutral conductors and equipment grounding conductors to the 
neutral terminal bus in a service panelboard: 
A. only asingle neutral conductor is permitted to be connected to a terminal. 
B. only one neutral and one equipment grounding conductor of the same circuit are 
permitted to be connected to a terminal. 
C. any number of neutral and equipment grounding conductors are permitted to be 
connected to a terminal if they will fit the space available. 
D. not more than two neutral conductors are permitted to be connected to a terminal. 
there is no limit to the number of conductors for any terminal provided a mini- 
mum torque is applied to the terminal. 


m 


Codereference 
7. A feeder consisting of size 350 kcmil copper conductors is protected with 300-ampere 
fuses and is run through a commercial building in Rigid M etal Conduit. The feeder is 
tapped to supply a 100-ampere panelboard with size 3 AWG copper tap conductors 
run in Rigid M etal Conduit. All conductor insulation and terminations are rated 75°C 
shown in Figure 6.30. The maximum distance permitted from the tap point on the 
feeder to the 100-ampere rated overcurrent device in the panelboard is: 


A. 10 ft(3m). D. 50 ft (15 m). 
B. 25ft(7.5m). E. 100 ft (30 m). 
C. 30 ft (9m). 


Code reference 
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SIZE 350 KCMIL COPPER FEEDER 


UT} 
300-AMPERE 
FUSES 
MAXIMUM 
hanes ~— SIZE 3 AWG 


COPPER 


oo 100-AMPERE CIRCUIT 
BREAKER 


Figure 6.30 Based upon the feeder overcurrent protection and sizes of conductors, what is the maximum dis- 
tance permitted from the tap point to the 100-ampere circuit breaker? 


8. The maximum number of single-pole circuit breakers that are permitted to be 
installed in a lighting and appliance branch-circuit panel board is: 


A. 24. D. 42. 
B. 30. E. limited to the design and listing of the panel. 
C. 36. 


Codereference. 

9. A panelboard marked as suitable for use as service equipment is used as the service 

for a building supplied by a 3-phase, 240/120-volt delta, 4-wire electrical system 

where the midpoint of one phase is grounded and one of the three phase conductors 

is 208 volts to ground. The phase with the higher voltage to ground is required to be 

placed in the center ungrounded lug of the panel and the conductor is required to be 

identified with tape, paint, or other suitable marking that is the color: 

A. red. C. yellow. E. orange. 

B. blue. D. brown. 


Codereference 
10. A mobile home served with 120/240-volt 3-wire service that has a calculated load 
greater than 50 amperes is required to be supplied power using a permanent wiring 
method from the adjacent power supply pole to the mobile home. The power supply 
feeder is required to consist of: 
A. three insulated conductors and an equipment ground permitted to be bare. 
B. only three insulated conductors if the mobile home panel is grounded to the 
earth. 
C. four insulated and color-coded conductors— one of which is an equipment 
grounding conductor. 
D. two insulated and color-coded ungrounded conductors with the neutral permit- 
ted to be bare. 
E. three insulated conductors and a bare equipment grounding conductor with the 
insulated conductors permitted to be identified with colored tape. 
Codereference 
11. A luminaire (lighting fixture) mounted in the ceiling of a mobile home bedroom is 
required to be: 
arc-fault circuit-interrupter protected. 
installed on a circuit with other than receptacles in the same room. 
ground-fault circuit-interrupter protected. 
thermally protected. 
only an electric discharge type luminaire (lighting fixture). 
Code reference 


mOOm> 
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Figure 6.31 What are the requirements on the receptacle outlet in the service equipment for a mobile home? 


12. A 15- or 20-ampere, 125-volt rated receptacle located in service equipment for a 
mobile home, as shown in Figure 6.31, is required to be: 
rated as suitable for use as service equipment. 
mounted at a height of not less than 2 ft (600 mm) above grade. 
arc-fault circuit-interrupter protected. 
of the grounding type and grounded with an insulated copper equipment 
grounding conductor. 
E. ground-fault circuit-interrupter protected for personnel. 
Code reference 


0UOW>Y 


13. A mobile home receives power with a 50-ampere rated power cord. After installa- 
tion, the minimum length of the power cord permitted from the face of the attach- 
ment plug cap to the point where the cord enters the mobile home, as illustrated in 


Figure 6.32, is: 

A. 6 ft(1.8m). D. 30 ft (9 m). 

B. 12 ft (3.7m). E. 3614/2 ft (11m). 
C. 20 ft (6m). 


Codereference 
14. The recreational vehicle site electrical supply pedestal is: 
A. permitted to have a disconnect for all ungrounded conductors at a remote pan- 
elboard. 
B. required to have the disconnect for all ungrounded conductors located at a 
remote panelboard. 


a 


i} 
MINIMUM 
| 


< > 


; DISTANCE? i 


Figure 6.32 What is the minimum length of power cord for a mobile home after installation? 
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required to have a disconnect capable of being locked in the open position. 
required to be a switch or circuit breaker located at the pedestal. 

required to have the disconnect and receptacles located not less than 4 ft (1.2 m) 
above grade. 


moo 


Codereference. 

15. A park trailer has a circuit prewired for a future air conditioner with the wires ter- 

minating at a junction box with a blank cover and the ends of the conductors capped 

and taped. This circuit is: 

A. aviolation of Article 552. 

B. permitted to be used for a purpose other than an air conditioner in the future. 

C. only permitted to supply a load which is 50% of the circuit rating. 

D. required to have a label at the junction box stating the conductors are for future 
connection of an air conditioner. 
is only permitted for use with an air conditioner operating at not more than 
24 volts. 


m 


Code reference 
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WORKSHEET NO. 6— ADVANCED 
OVERCURRENT PROTECTION 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. If a feeder conductor in a manufacturing building area with a ceiling that is at least 
35 ft (11 m) high at the walls is tapped, with the tap point at least 30 ft (9 m) above 
the floor, the total length of the tap is permitted to be greater than 25 ft (7.5 m) in 
length. The tap conductor is to end at a single overcurrent device with a rating not 
greater than the ampacity of the tap conductor and the feeder overcurrent device is 
not permitted to have a rating greater than three times the ampacity of the tap con- 
ductor. In this case, the tap conductor is permitted to have a total length not to 


exceed: 

A. whatever length is needed to reach the load. 
B. 30 ft (9m). 

C. 50 ft (15m). 

D. 75 ft (22.9 m). 

E. 100 ft (30m). 


Codereference 
2. A cartridge fuse that does not have an interrupting rating marked on the exterior of 
the fuse has an interrupting rating of: 
A. 5000 amperes. D. 100,000 amperes. 
B. 10,000 amperes. E. 200,000 amperes. 
C. 50,000 amperes. 
Codereference 
3. A 2-pole circuit breaker for a single-phase 240-volt load is installed in a panelboard 
supplied by a 3-phase, 240/120-volt, 4-wire delta electrical system with the midpoint 
of one phase grounded and one phase operating with a higher voltage to ground than 
the other two phases, as shown in Figure 6.33. A circuit breaker installed in a panel- 
board and connected to the phase with the higher voltage to ground: 
shall be marked 240 volts. 
shall be marked 120/240 volts. 
shall be two single-pole circuit breakers connected with handle ties. 
is permitted to be two single-pole circuit breakers connected with handle ties. 
is permitted to be marked 120/240 volts. 
Code reference 


mMOO0D 


4, A molded-case circuit breaker permitted to be used as a switch for fluorescent lumi- 
naires (lighting fixtures) in a commercial building can be labeled: 


A. switch duty. 

B. FLU. 

C. HID. 

D. HPS loads. 

E. suitable as switch for luminaires. 


Code reference 
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Figure 6.33 What are the requirements on the two-pole circuit breaker in this case connected to the system B 
phase? 


5. Electrical equipment intended to disconnect power at fault levels shall, for the nom- 
inal circuit voltage and current that is available, have a sufficient: 
A. continuous current rating. D. overload capacity. 
B. demand factor. E. circuit impedance. 
C. interrupting rating. 
Codereference 
6. A 300-ampere service entrance consists of a panelboard with a single main overcur- 
rent device rated at 200 amperes and a 100-ampere fused disconnect switch. The 
panelboard and the disconnect switch are both rated as suitable for use as service 
equipment and they are tapped from a size 500 kcmil, Type THWN aluminum 
service-entrance conductors as shown in Figure 6.34. All conductor terminations are 
rated 75°C. If the service tap conductors to the 100-ampere disconnect are Type 
THWN aluminum, the minimum size permitted is: 


A. 3AWG. 
B. 1AWG. 
C. 1/0AWG. 
D. 4/0AWG. 
E. 500 kcmil. 


Codereference. 
7. A feeder consisting of size 3/0 AWG copper conductors supplies two 100-ampere 
rated panelboards for lighting and receptacle loads. This installation is permitted: 
A. provided the panelboards have 100-ampere main overcurrent protection if the 
feeder is protected at 200 amperes. 
B. provided the feeder overcurrent device is not rated more than 200 amperes and 
the panelboards are main lug only. 
C. only if both panelboards have 100-ampere main overcurrent protection as well 
as the feeder having 100-ampere overcurrent protection. 
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SERVICE CONDUCTORS 
500-KCMIL ALUMINUM 


—— 


PANELBOARD WITH __| | | |<——— NIPPLE 
200-AMPERE MAIN | | 
| 100-AMPERE 


|_| ~FUSIBLE DISCONNECT 


PANELBOARD AND SWITCH 
RATED AS SUITABLE FOR USE AS 
= SERVICE EQUIPMENT 


Figure 6.34 Determine the minimum size tap conductor to the 100-ampere service panel. 


D. with 100-ampere main overcurrent protection at the panelboards and no overcur- 
rent protection on the feeder if it is not more than 25 ft (7.5 m) in length. 

E. if there is 200-ampere overcurrent protection at the source of the feeder and also 
at the load end ahead of the two panelboards. 


Code reference 


8. A 3-phase 208/120-volt electrical system supplies a building and the service equipment 
consists of an 18-space circuit-breaker panelboard. The building load calculated accord- 
ing to Article220 is 130 amperes, but the panelboard is rated 200 amperes and the three 
ungrounded service-entrance conductors are size 4/0 AW G copper Type THHW.A neu- 
tral conductor enters the panel and it is size 1/0 AWG copper Type THHW. There are 
six 3-pole circuit breakers, one rated 100 amperes, three rated 50 amperes, one rated 30 
amperes, and one rated 20 amperes, as shown in Figure 6.35. This service equipment: 


A. is permitted without a main overcurrent device. 
B. isin violation because it requires a single main overcurrent device. 
C. is classified as a lighting and appliance branch-circuit panelboard. 
D. would be considered a power panelboard if the neutral was not present in the panel. 
E. would not be in violation if it had not more than two main overcurrent devices. 
Codereference 
UNGROUNDED CONDUCTORS 
SUPPLY IS F SIZE 4/0 AWG COPPER, THWN, 
208/120-VOLT, GROUNDED CONDUCTOR 
3-PHASE, 4-WIRE SIZE 1/0 COPPER, THWN 
RATED AS SERVICE 
EQUIPMENT 
air 
NEUTRAL Gee PANELBOARD RATED, 
PRESENT i! | 50) 50 3-PHASE, 18-SPACE, 
‘| 39 | 29 200 AMPERES 
NEUTRAL NOT USED | \ 
WITH 20- AND 30- 
AMPERE CIRCUITS sees tcc 


USED AS SERVICE-ENTRANCE PANEL 
CALCULATED LOAD 130 AMPERES 


Figure 6.35 The neutral is present in the panelboard used as service equipment, but it is not used with the 20- 
or 30-ampere circuits. 
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9. A tap is made to supply a circuit-breaker panelboard from a 400-ampere, 208/120- 
volt, 3-phase, 4-wire feeder. The feeder ungrounded conductors are 600-kcmil cop- 
per with Type THWN insulation. The distance from the tap point on the feeder to the 
125-ampere main circuit breaker in the panelboard is 25 ft (7.5 m). The tap conduc- 
tor is copper, Type THWN, and all conductor terminations are rated at 75°C, as 
shown in Figure 6.36. The minimum size tap conductor permitted is: 

A. 3AWG. C. 1AWG. E. 2/0AWG. 
B. 2AWG. D. 1/0AWG. 


Codereference, 

10. A 208-volt, 3-phase feeder in a building, protected by 200-ampere fuses, is run in 

Electrical M etallic Tubing and has a total length of 275 ft (83.82 m). The expected 

maximum load on the feeder is 160 amperes and the power factor is close to 1.0. The 

operating temperature of the feeder is approximately 50°C. The minimum size cop- 

per conductors permitted that will also limit the voltage drop on the feeder to not 

more than 2% with the maximum expected load is: 

A. 2/0AWG. C. 4/0AWG. E. 300 kcmil. 

B. 3/0AWG. D. 250 kcmil. 


Codereference 
11. The service equipment or a disconnecting means listed as suitable for use as service 
equipment is required to be installed adjacent to a mobile home and within sight of 
the mobile home and located from the exterior wall of the mobile home not more 


than: 
A. 6 ft (1.8 m). C. 15 ft (4.5 m). E. 50ft(15m). 
B. 10 ft(3m). D. 30 ft(9 m). 
Codereference 
UNGROUNDED CONDUCTORS 
400-AMPERE THWN, COPPER, 600 KCMIL 
CIRCUIT BREAKER TAP 
las 


a 
4 

SUPPLY 3-PHASE, 

208/120-VOLT, 4-WIRE MINIMUM UNGROUNDED 

CONDUCTOR SIZE? 

25 FT THWN, COPPER 


v 125-AMPERE MAIN 
CIRCUIT BREAKER 


CIRCUIT-BREAKER 
PANELBOARD 


Figure 6.36 Determine the minimum size tap conductor connected to this feeder protected at 400 amperes. 
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Figure 6.37 Determine the minimum size Class 1 control conductors run to the thermostat when they are cop- 
per and only protected by the branch circuit 60-ampere fuses. 


12. An electric heater circuit is protected with 60-ampere fuses and the heater is con- 
trolled with a contactor. A line voltage thermostat operates the coil of the contactor, 
as shown in Figure 6.37. All wires are copper, run in conduit, and have 75°C rated 
insulation and terminations. The Class 1 control circuit wires are protected from 
overcurrent only by the heater circuit fuses. The minimum size Class 1 control cir- 
cuit conductors permitted is: 

A. 16AWG. C. 12AWG. E. 8AWG. 
B. 14AWG. D. 10AWG. 


Codereference. 
13. A recreational vehicle park has 52 recreational vehicle sites with electrical power. 
The minimum number of sites required to be equipped with 20-ampere, 125-volt 
receptacles is: 
A. 3 sites. C. 37 sites. E. 52 sites. 
B. 15 sites. D. 49 sites. 


Codereference. 
14. A power supply pedestal is to be installed at a back-in recreational vehicle site where 

a marker is placed at the back left corner of the stand. The power pedestal is per- 
mitted to be located in the space from 5 ft (1.5 m) to 7 ft (2.1 m) from the left side 
of the stand as shown in Figure 6.38 on the next page. T he pedestal is not permitted 
to be located from the back of the stand toward the road a distance of more than: 
A. 9 ft (2.7 m). D. 30 ft (9 m). 
B. 12 ft (3.7m). E. 35 ft (10.6 m). 
C. 15 ft (4.5 m). 

Code reference 
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Figure 6.38 What is the maximum distance the power supply equipment is permitted to be installed from the 
back of the stand for a back-in recreational vehicle site? 


15. A park trailer with not more than five 120-volt circuits that is required to be supplied 
power has a rating of: 

120 volts, 30 amperes, 2 wire. 

120/240 volts, 50 amperes, 3 wire. 

120/240 volts, 30 amperes, 3 wire. 

120 volts 50 amperes, 2 wire. 

120/240 volts, 20 amperes, 2 wire. 


moOOw> 


Code reference 
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UNIT 7 
Motor-Circuit Wiring 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* read and explain the use of the information on a motor nameplate. 
* determine the minimum size conductor permitted for a motor branch-circuit. 


¢ determine the maximum rating of the overcurrent device for the motor branch-circuit 
short-circuit and ground-fault protection. 


* select the type and rating of disconnect required for a motor circuit. 

* select the type and rating of the controller for a motor. 

* determine the maximum permitted rating of motor overload protection. 

* determine the minimum size conductor permitted for a feeder supplying several motors. 


* explain when overcurrent protection for the motor-control circuit is needed in addition 
to the motor branch-circuit overcurrent device. 


* explain the meaning of NEMA enclosure type for motor controllers. 

¢ diagram a control circuit for a magnetic motor starter. 

* answer wiring installation questions relating to Articles 409, 430, 440, 455, 460, 470, 
675, 685, and Example D8 in Annex D. 

* state three significant changes that occurred from the 2005 to the 2008 Code for Articles 
409, 430, 440, or 675. 


CODE DISCUSSION 


Sizing and installation of components of an electric motor circuit are covered in this unit. An electric 
motor is a device to convert electrical energy into mechanical energy or power. An electric motor is a per- 
fect servant. It tries to power any load to which itis connected. For this reason, overcurrent protection must 
be provided that will prevent self-destruction of the motor and possible fire or an electrical shock hazard. The 
task of sizing overcurrent protection for a motor is difficult because of the current characteristics of the 
motor. The motor will typically draw five to six times as much current during starting as it will when run- 
ning under constant full load. Figure 7.1 shows the typical motor current draw during starting, compared 
with the full-load running current. The real challenge for overcurrent protection is to protect for overloads 
during running and yet not experience opening of the overcurrent device during the starting in-rush current. 

Article 409 provides specific rules for the installation of an industrial control panel. Although the term 
is industrial control panel, they are not limited to installation in an industrial building or structure. An indus- 
trial control panel contains control equipment such as push buttons, selector switches, timers switches, con- 
trol relays, terminal blocks, and pilot lights. It also may contain circuit breakers, fuses, disconnect switches, 
overload relays, and controllers. The main difference between an industrial control panel and a motor 
control center is that the industrial control panel may provide power and control for a complete process 
including non-motor loads. An industrial control panel is permitted to serve as service equipment (409.108), 
although it is only permitted to contain one main circuit breaker or set of fuses (409.21). It must be rated as 
suitable for use as service equipment if used for that purpose. All industrial control panels must be marked 
with a short-circuit current rating, unless it contains only control circuit components. The conductors sup- 
plying an industrial control panel are sized by a similar rule as a feeder to a specific motor load as described 
in 430.24. The maximum rating of overcurrent protection for the industrial control panel is determined by a 
similar rule as the overcurrent protection for a feeder for a specific motor load in 430.62. 
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Figure 7.1 When a motor is started, there is an in-rush of current until the motor obtains running speed. 


Article 430 deals with motors, motor branch-circuits and feeders, conductors and their protection, 
motor overload protection, motor-control circuits, motor controllers, and motor-control centers. Figure 430.1 
in the Code shows a motor circuit and can be used as an index to find the section of the article dealing with 
the various circuit components. Part! of this article provides general information about various motors and 
general wiring requirements for the motor circuit. There are several tables at the end of the article, which 
will be used frequently when sizing components for a motor circuit. Tables 430.247 through 430.250 give 
the motor full-load current for various types of motors. NEC ® 430.6(A)(1) requires that these values are used 
except when sizing the motor running overcurrent protection, and unless the nameplate full-load current for 
the motor is a higher value than given in the table. For a motor-operated appliance with both the horsepower 
and full-load current listed on the nameplate, the full-load current is to be used for sizing conductors and 
other circuit components, 430.6(A)(1) Exception 3. 

The rules for determining the minimum permitted size of single motor branch-circuit conductors are 
found in 430.22. The minimum wire size for a feeder serving a specific group of motors is determined accord- 
ing to 430.24. The wire size for a motor circuit is determined directly from Table 310.16 once the ampacity 
has been determined in Part Il. NEC® 240.4(D), which states that the overcurrent protection for a 14 AWG 
copper wire is not to exceed 15 amperes, 20 amperes for a 12 AWG, and 30 amperes for a 10 AWG, does not 
apply in the case of a motor circuit. Other references in the Code that clarify that overcurrent protection for 
motor branch-circuits is to be sized according to the provisions of Article 430 are 430.1 and 240.4(G). 

Part II| discusses the type of overload protection permitted for an electric motor and the sizing of the 
overload protection. Part IV explains the short-circuit and ground-fault protection for the motor branch-circuit. 
Frequently, a single overcurrent device does not protect for overloads, ground-faults, and short-circuits. Part V 
deals with the overcurrent protection of motor feeders. This would be a conductor supplying power to more 
than one motor branch-circuit. Table 430.52 is used when determining the maximum permitted rating of 
motor branch-circuit short-circuit and ground-fault protection. 

The electrical current to many motors is controlled by a motor-control circuit. The wiring to a start- 
stop station for a magnetic motor starter is a Class 1 control circuit. Part VI covers the wiring and over- 
current of motor-control circuits. Part VII covers controllers for motors. This part provides requirements to 
what is permitted to be a motor controller and the ratings of controllers. Part VIII deals with motor-control 
centers. A motor-control center is an assembly of one to several sections in which there is a bus on which 
motor-control units are attached. The requirements for the motor-control center are in this part of Article 430, 
including installation requirements. Part |X covers the type and ratings of disconnecting means for motors and 
controllers. 

An important safety issue with motors and the machinery they power is the disconnection of electrical 
power to the controller and to the motor. Rules for disconnects are found in 430.102. Each controller is 
required to have an individual disconnecting means. The disconnecting means is required to be located in 
sight from the controller. NEC ® 430.102(A) Exception 2 does permit a single disconnect for a group of coor- 
dinated controllers. NEC ® 430.102(B) requires a disconnecting means to be located in sight from the motor 
and the driven machinery. A single disconnecting means is permitted for the controller, the motor, and the 
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Figure 7.2 A disconnect is required to be located in sight of the controller and the motor. One disconnect is per- 
mitted if located in sight of both the controller and the motor. 


driven machinery provided it is located within sight of all three and it is not required to be of a type that can 
be locked in the open position. The rules requiring a disconnect are illustrated in Figure 7.2. 

NEC® 430.102(B) Exception only permits a single disconnect to serve both the controller and motor and 
be out of sight of the motor if itis impractical to locate the disconnect within sight of the motor. In the case of 
industrial buildings where there is a qualified maintenance staff on duty at all times, itis permitted to have one 
disconnect, capable of being locked in the open position, serve both the controller and the motor and still not 
be located in sight from the motor. 

Article 440 deals with the branch-circuits and motors associated with air-conditioning and refrigeration 
equipment. These are special cases because of frequent use of hermetically sealed motor compressors, and the 
use of multimotor branch-circuits. Branch-circuit selection current is covered in 440.4(C). The minimum 
permitted size of the branch-circuit conductors is found in Article 440, Part lV. The minimum permitted rating 
of the disconnecting means for the refrigerant motor compressor is determined from Article 440, Part Il. 
NEC ® 440.22(C) states that if the maximum permitted rating of branch-circuit short-circuit and ground-fault pro- 
tective device is marked on the nameplate, that value shall not be exceeded. Overload protection for the motor 
compressor and for the branch-circuit conductors shall not exceed the value required in Article 440, Part VI. 
The installation of room air conditioners is covered in Part VII. When a cord-and-plug connected room air 
conditioner is installed on a dedicated branch-circuit, the marked ampere rating of the air-conditioner is not per- 
mitted to exceed 80% of the rating of the branch-circuit. Sometimes a cord-and plug-connected room air con- 
ditioner may be supplied by an existing general-purpose branch-circuit that supplies lights and receptacles. This 
is permitted provided the addition of the air-conditioner load does not overload the circuit, and provided the 
marked ampere rating of the air-conditioner does not exceed 50% of the rating of the branch circuit, 440.62(C). 

Article 455 deals with the installation of phase converters. A phase converter is an electrical device that 
permits a 3-phase electric motor or other 3-phase equipment to be operated from a single-phase electrical 
supply. The sizing of components of the circuit or feeder for a phase converter installation is difficult because 
of the 1.73-to-1 current ratio between the single-phase and 3-phase portions of the circuit. It theoretically 
takes 17.3 amperes flowing on the single-phase input conductors to a phase converter to supply 10 amperes 
at 3-phase to a load connected to the phase converter. A phase-converter circuit is illustrated in Figure 7.3. 
An electric motor is permitted to be operated at the nameplate rated horsepower, but the motor-starting 
torque will be greatly reduced when operated from a phase converter. M otors powering hard starting loads 
should not be operated from a phase converter unless recommended by the manufacturer. 

Phase converters may be a static type with no moving parts. A static phase converter usually serves only 
one 3-phase load, and it is sized specifically for that load. M ost static phase converters consist primarily of 
capacitors. A transformer can be used to provide an output voltage different from the input voltage. 
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Figure 7.3 A phase converter permits a 3-phase motor or load to be operated from a single-phase electrical 
supply. 


Rotary phase converters are capable of supplying one or more loads. If an installation consists of sev- 
eral 3-phase motors, then it may be possible to supply the 3-phase power from a single-phase supply with 
one rotary phase converter. The basic components of a rotary phase converter are a rotating unit that is actu- 
ally a 3-phase motor, a capacitor bank, and if the output voltage is different than the input voltage, a trans- 
former is included. With this type of unit, it is necessary to start the phase converter and bring the rotating 
unit to full speed before any 3-phase load is applied. 

When sizing the conductors and overcurrent protection for a phase converter installation, it is neces- 
sary to know the “rated single-phase input full-load amperes” from the nameplate or the actual load to be 
served. NEC ® 455.6(A)(1) requires that the minimum single-phase input conductor ampacity not be less than 
1.25 times the rated single-phase input full-load current as marked on the nameplate. It is not uncommon for 
a phase converter to be oversized for the load to be served. In this case, 455.6(A)(2) permits the single-phase 
input conductors to have an ampacity not less than 2.5 times the full-load current of the 3-phase load sup- 
plied by the phase converter. 

Overcurrent protection is required for the single-phase input conductors and the phase converter. That 
overcurrent protection is located at the supply end of the single-phase input conductors. NEC® 455.7(A) 
requires that the overcurrent protection not be more than 1.25 times the rated single-phase input full-load cur- 
rent as marked on the phase converter nameplate. NEC® 455.7 permits the calculated value to be rounded up 
to the next standard rating of overcurrent device as given in 240.6 when the calculated value does not corre- 
spond with a standard rating. NEC ® 455.7(B) permits the maximum rating of overcurrent protection to be sized 
not more than 2.5 times the sum of the 3-phase loads supplied by the phase converter. 

A disconnecting means is required to be located within sight of the phase converter. NEC ® 455.8 per- 
mits that disconnecting means to be a switch rated in horsepower, a circuit breaker, or a molded-case switch. 
If only nonmotor loads are served and a switch is used as the disconnecting means, the switch is not required 
to have a horsepower rating. The disconnecting means is required to have an ampere rating not less than 
1.15 times the rated single-phase input full-load current as marked on the phase converter nameplate. 
NEC® 455.8(C)(1) permits a circuit breaker or a molded-case switch to be sized not less than 2.5 times the 
sum of the 3-phase full-load currents of the loads supplied. NEC® 455.8(C)(2) explains how to determine the 
horsepower rating of the load served by the phase converter. The disconnecting means must be capable of 
opening the circuit under full-load or locked-rotor conditions. The horsepower rating is selected from either 
Table 430.251A or Table 430.251B by using a calculated equivalent locked-rotor current. That equivalent 
locked-rotor current is 2.0 times the locked-rotor current of the largest motor served, plus the full-load 
current of all other motors served, plus the full-load current of all nonmotor loads served. 


Example 7.1 A 20-kVA rotary phase converter with a rated single-phase input full-load current of 
105 amperes is connected to a 240-volt single-phase electrical system to supply several 230-volt, 
3-phase design B motors. The electric motors supplied are 10, 3, and 2 horsepower. The layout of the 
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Figure 7.4 A fusible switch is frequently used as the single-phase disconnect for a rotary phase converter sup- 
plying several 3-phase motors. 


circuit is shown in Figure 7.4. A fusible switch is the disconnect for the single-phase power to 
the rotary phase converter. This is the switch being sized in this question. Another fusible switch on 
the load side of the phase converter serves as the disconnect for the feeder to the individual motor cir- 
cuits. Determine the minimum horsepower rating of fusible switch on the single-phase side of the 
phase converter permitted to supply this specific motor load. 


Answer: NEC®455.8(C)(2) requires adding the locked-rotor current of the 10-horsepower, 230-volt, 
3-phase design B motor (Table 430.250B) to the full-load currents of the 3- and 2-horsepower motors 
and then multiply the sum of these numbers by 2.0. 


Equivalent locked-rotor current = 2.0 x (162A +9.6A +6.8A) =357A 


N ow find a single-phase horsepower rating from Table 430.251A that has a locked-rotor current equal 
to or greater than 357 amperes. N ote that there is no single-phase switch shown in Table 430.251A with 
a horsepower rating high enough to handle the equivalent locked-rotor current of 357 amperes. 
Manufacturers usually have single-phase switches with horsepower ratings higher than listed in 
Table 430.252A. If a single-phase switch is not available, a 3-phase switch can be used as the phase- 
converter disconnecting means. In this case, one of the switch poles is not used. It is important that the 
3-phase switch has a locked-rotor current rating equal to or higher than the calculated equivalent 
locked-rotor current for the load. In this example, the equivalent locked-rotor current was 357 amperes. 
Look down the 230-volt 3-phase column of Table 430.252B until alocked-rotor current value is found 
that is equal to or greater than 357 amperes. A switch rated 20-horsepower 3-phase is not adequate 
because it only has a locked-rotor current rating of 290 amperes. The 25-horsepower 3-phase switch 
has a locked-rotor current rating of 365 amperes, which is larger than 357 amperes. Therefore, a 
25-horsepower 3-phase switch can be used as the disconnecting means for the phase converter. 


Article 460 deals with the installation of capacitors wired as part of electrical circuits, and not as a 
component part of electrical equipment. Typical examples would be capacitors added for power factor cor- 
rection or auxiliary capacitors added to motor circuits. An important aspect of this article is the discharging 
of the capacitor when it is de-energized. A capacitor will store a charge when power is shut off. If the charge 
is not removed from the capacitor, it can in some cases become a serious electrical hazard even though power 
has been disconnected. Capacitors are a part of the power supply in an adjustable-speed drive, and they take 
time to discharge when power is disconnected from the drive. Capacitors operating at 600 volts or less are 
required to be discharged to 50 volts in not more than one minute after power is disconnected. 

NEC® 460.12 gives the requirements for marking capacitors. The rating of capacitors connected to 
60-hertz alternating current systems is required to be given in amperes or kilovars (KVAR), which is reactive 
volt-amperes. Conductors supplying capacitors and ratings of switches for capacitors are required to have an 
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ampacity not less than 135% of the rated capacitor current, 460.8. If rated current is marked on the capacitors, 
determining the conductor size is easy. If the capacitors are rated in kVARs, then a calculation is required to 
get the rated current. Capacitor rated current for single-phase capacitors is determined from kVARs and the 
circuit voltage using Equation 7.1. For a 3-phase capacitor bank use Equation 7.2. Individual capacitors are 
rated in microfarads (uf) and calculating the current for a specific application is beyond the scope of this text. 


Single-phase capacitor rated current: 


Rated capacitor current = Ee Eq. 7.1 


Voltage 
Three-phase capacitor bank rated current: 


Rated capacitor current = BL Res Eq. 7.2 


1.73 < Voltage 


Article 470 covers the installation of resistors and reactors, which are sometimes used as a part of a 
motor or other equipment circuit. The main points of this article are the prevention of physical damage to the 
components and the prevention of overheating of wiring. Resistors and reactors are sometimes used in motor 
controllers for soft starting to reduce initial motor in-rush current. 

Article 675 covers the installation of electrically driven or controlled irrigation machines. These are 
devices consisting of aluminum water pipe with periodic sprinkler nozzles to irrigate crop land. These 
devices are frequently propelled through the field with electric motor-driven wheels at regular intervals 
along the machine. Some irrigation machines rotate about a central pivot point, while others laterally move 
across the field. A typical center pivot irrigation machine is shown in Figure 7.5. The equivalent current rat- 
ing of 675.7 is used to determine the size of conductors, overcurrent protection, disconnecting means, and 
controller for the irrigation machine. The drive motors for some irrigation machines, such as the center 
pivot type, operate intermittently. Therefore, a duty cycle is permitted to be applied when determining the 
equivalent current rating of the machine. NEC® 675.22 provides the value to use for the duty cycle for the 
center pivot machine. NEC® 675.8(B) requires a disconnecting means at the point where electrical power 
connects to the machine or within 50 ft (15 m) of that point. NEC® 675.15 requires a grounding electrode 
system for lightning protection. 

Article 685 applies to integrated electrical systems in industrial applications where equipment must be 
shut down in an orderly manner for a particular reason. In the event of a malfunction in a component machine 
of a continuous process, automatic shutdown of that particular machine may cause great economic loss or 
even endanger human life. A malfunction signal to the required on-duty maintenance personnel is permitted 
in place of automatic shutdown. 

Annex D, Example D8 is an excellent example of an installation of three motors served by a common 
feeder. Each motor is on a separate branch-circuit. T his example gives a clear understanding of the meaning 
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Figure 7.5 Thecontrol panel and main disconnect are located at the center pivot point of an irrigation machine 
with an electrical drive motor and controller located at each support tower radially out along the machine. 
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of the various rules in Article 430. It is highly recommended that the person learning about motor-circuit and 
feeder installations work through this example. This example shows the method of determining the maximum 
permitted rating of the branch-circuit short-circuit and ground-fault protective device. NEC® 430.52(C)(1) 
Exception 1 permits rounding up to the next standard rating of overcurrent device listed in 240.6. The full- 
load current of the motor as determined from Table 430.248 or Table 430.250 is multiplied by the factor found 
in Table 430.52. It is permitted to round up to the next higher standard overcurrent device rating. 

Two of the motors in the example are wound-rotor motors. However, for the purpose of this example, 
they are treated in a similar manner as other induction motors. A wound-rotor motor is an induction motor 
that has windings on the rotor that leave the motor through slip rings. Resistors are connected in series with 
the rotor windings to control the in-rush current and starting speed of the motor. NEC ® 430.23 gives the rules 
for sizing the branch-circuit wires and the secondary conductors from the rotor. The secondary full-load cur- 
rent will be marked on the motor nameplate. NEC ® 430.32(E) permits the motor overload protection to also 
protect the secondary conductors. 


MOTOR CIRCUITS AND CALCULATIONS 


Information is provided in the Code that is necessary to size and install the components of a motor cir- 
cuit. It is also necessary to determine information from the specific motor to be installed. The type of envi- 
ronment must be known to choose the proper enclosures for the motor and other equipment of the circuit. 


Motor Nameplate and Other Information 


A motor circuit is wired to fit the specifications of a specific motor. Information for determining the 
size or rating of the various parts is found on the motor nameplate, and the full-load current for single-phase 
and 3-phase motors from Table 430.248 and Table 430.250. A motor nameplate is shown in Figure 7.6. The 
most important information needed for wiring the circuit is (1) horsepower, (2) phase, (3) voltage, (4) full- 
load current, (5) temperature rise above ambient or service factor, and (6) design letter. Also, it is important 
to know about the physical environment, the location of the installation, the type of controller desired, and 
the type of load that will be powered (easy starting or hard starting load). The motor nameplate of Figure 7.6 
shows ambient temperature, and not temperature rise above ambient. A mbient temperature is the maximum 
environmental temperature in which the motor is to be operated. If the surrounding temperature is higher 
than the ambient temperature marked on the nameplate, the motor will be in danger of overheating if oper- 
ated at the nameplate horsepower rating. 

The in-rush current of a motor is affected by the design of the motor. The National Electrical 
M anufacturers A ssociation (NEMA) has established specifications and designations for motor design. Design 
letters are used to group motors into categories of similar operating characteristics. These characteristics 
include rotor slip at 100% load, locked-rotor current, and torques at various speeds. The most common type 
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Figure 7.6 The motor nameplate contains essential information for sizing components of a motor circuit. The 
nameplate current may be different than the current listed for the same motor in Artide 430. 
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of motor in use is the design B motor. Motors are available that are designed especially as high-efficiency 
motors. These are designated as “energy efficient” motors. A motor intended to be a high-efficiency motor 
is the prime efficiency motor. M otors operating at low speeds or high torque may have full-load currents in 
excess of the values listed in Table 430.248 or Table 430.250. In these cases, the nameplate current shall be 
used if it is higher than the values given in the tables. 


Motor Circuit 


A typical motor circuit is diagrammed in Figure 7.7. There is a chart in 430.1 that gives the location 
in the article where necessary information is found for sizing and wiring the circuit. The following compo- 
nents shall be sized or specified for a motor branch-circuit: 


1. Branch-circuit disconnecting means minimum rating, Part IX 
2. Branch-circuit short-circuit and ground-fault protection rating, Part IV 
3. Branch-circuit conductors minimum size, Part II 
4. Motor controller minimum size, Part VII 
5. Motor and branch-circuit overload protection maximum rating, Part II| 
6. Motor-control circuit conductor minimum size, Part VI 
7. Motor-control circuit overcurrent protection maximum rating, Part VI 
8. Motor feeder conductor minimum size, Part I| 
9. Motor feeder short-circuit and ground-fault protection maximum rating, Part V 
10. Motor-control center, Part VIII 
11. Grounding, Part XIII 


Methods of Controlling Motors 


The motor controller directly controls the flow of electrical current to the motor. T he definition is found 
in Article 100. Several methods are permitted to control a motor, as the following list indicates: 


* For portable motors rated 1/3 horsepower and less, the cord-and-plug, as stated in 430.81(B) 

* For stationary motors not over 1/8 horsepower, normally operating continuously, the branch-circuit 
protective device, as stated in 430.81(A) 

¢ For stationary motors rated not more than 2 horsepower, a snap switch, as stated in 430.83(C)(1) 

¢ Fora stationary motor, an inverse-time circuit breaker rated in amperes, as stated in 430.83(A)(2) 

* Fora stationary motor, a fusible switch rated in horsepower, as stated in 430.90 

¢ A manual motor starter rated in horsepower, as stated in 430.83(A)(1) 

¢ A magnetic motor starter rated in horsepower, as stated in 430.83(A)(1) 


The National Electrical M anufacturers Association (NEMA) has established a size numbering system for 
horsepower ratings of electric motor starters. The NEMA sizes are shown in Table 7.1. A 3-pole motor starter 
may be used to control a single-phase motor. If only 3-phase horsepower is listed on a 3-pole motor starter to be 
used for a single-phase motor, divide the 3-phase horsepower rating for the desired voltage by 2 to obtain the 
maximum single-phase horsepower rating permitted for that motor starter. A single-phase motor with the same 
horsepower and voltage rating as a 3-phase motor will draw 1.73 times as much current as the 3-phase motor. 


NEC ® 430.22(A) 
CIRCUIT CONDUCTOR 
sincuemoToR MINIMUM SIZE MOTOR 
BRANCH-CIRCUIT | soonesee ete a raseee 
Y HOC C) 
NEC ® 430.109 < NEC ® 430.32 
DISCONNECTING NEC® 430.52 NEC ® 430.83 RUNNING 
MEANS SHORT-CIRCUIT = \OTOR OVERCURRENT 
AND GROUND- CONTROLLER PROTECTION 
FAULT RATING 
PROTECTION 


Figure 7.7 Required components of a motor branch-circuit are the disconnect, short-circuit and ground-fault 
protection, the controller, running overload protection, and proper conductor size. 
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Table 7.1 Motor horsepower and voltage ratings for NEMA size motor starters. 


NEMA Single-phase Three-phase 
size 120 Volts 240 Volts 208 Volts 240 Volts 480 Volts 
00 Va 1 1% 1% 2 
0 1 2 3 3 5 
1 2 3 T\2 TV 10 
1P 3 5 _ = = 
2 3 Ta 10 15 25 
3 72 15 25 30 50 
4 — 25 40 50 100 
5 — 50 75 100 200 
6 — — 150 200 400 
ré — — — 300 600 
8 —_ —_ —_ 450 900 
Enclosure Types 


Enclosure type ratings for different environmental conditions have been established by NEMA. 
Enclosure types for motor starters for applications other than hazardous locations are listed in Table 110.20. 
The following is a general description of some common NEMA enclosure types and their typical applications: 


NEMA 1:  General-purpose enclosure used in any location that is dry and free from dust and flying flam- 
mable materials. 


NEMA 3: Weather-resistant enclosure suitable for use outdoors. Not suitable for use in dusty locations. 
This type is no longer available for motor starters from some manufacturers. 


NEMA 3X: Weather-resistant and corrosion-resistant enclosure suitable for use outdoors. Not suitable for 
use in dusty locations. 


NEMA 4: Watertight and dusttight enclosure suitable for outdoor locations and inside wet locations. Water 
can be sprayed directly on the enclosure without leaking inside. Suitable for most agricultural locations, pro- 
vided corrosion is not a problem. 


NEMA 4X: Watertight, dusttight, and corrosion-resistant enclosure suitable for outside and inside wet, 
dusty, and corrosive areas. Suitable for agricultural buildings. 


NEMA7:  Explosion-proof enclosure suitable for installation in Class | areas containing hazardous vapors. 
Required to be rated for type of hazardous vapor such as gasoline, Group D or Group IIA. 


NEMA 9: Dust-ignition-proof enclosure suitable for installation in Class || hazardous areas such as grain 
elevators. R equired to be rated for the type of dust such as grain dust, Group G. There is a tendency for man- 
ufacturers to build one enclosure rated as NEMA 7 and 9. 


Overcurrent Device Ratings 


Manufacturers’ ratings of time-delay fuses not larger than 30 amperes are frequently used to provide 
overload protection for electric motors. Table 7.2 is a listing of some generally available fuses of sizes not 
listed in the Code as standard ratings. Refer to 240.6 for the list of standard ratings of fuses and circuit 
breakers. The standard ratings of fuses less than 15 amperes recognized by the Code are 1, 3, 6, and 10 
amperes. 


Motor Overload Protection 


Electric motors are required to be protected against overload, according to the rules in 430.32. Overload 
protection is usually provided as a device responsive to motor current or as a thermal protector integral with 
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Table 7.2 Typical time-delay fuse ratings available up to 30 amperes. 


Yo 15/00 2/0 “0 Y% So So 
1 1% 1% 1%o 1%o0 1%o0 
2 2% 2’ 25/10 3%0 3% 
4 4% 5 5%o 6% 7 8 
9 10 12 15 17% 20 25 30 


the motor. A device responsive to motor current could be a fuse, a circuit breaker, an overload current sensor, 
or a thermal reset switch in the motor housing. An automatically resetting thermal switch placed in the wind- 
ings will sense winding temperature directly. 

The service factor or temperature rise must be known from the motor nameplate when selecting the 
proper size motor overload protection. These are indicators of the amount of overload a motor can withstand. 
If a motor has a service factor of 1.15 or greater, the manufacturer has designed extra overload capacity into 
the motor. In this case, the overload protection shall be permitted to be sized not greater than 125% of the 
nameplate full-load current. NEC ® 430.32(C) permits the maximum setting of running overcurrent protec- 
tion to be increased if the size determined in 430.32(A)(1) is not sufficient to permit the motor to start. 

Internal heat is damaging to motor winding insulation. A motor with a temperature rise of 40°C (104°F) 
or less has been designed to run relatively cool; therefore, it has greater overload capacity. The overload pro- 
tection is permitted to be sized not greater than 125% of the nameplate full-load current. A service factor of 
less than 1.15 or a temperature rise of more than 40°C (104°F) indicates little overload capacity. The overload 
protection under these circumstances is permitted to be sized not greater than 115% of the nameplate full-load 
current. 

A time-delay fuse is permitted to serve as motor overload protection. Screw-shell fuses or cartridge 
fuses are used for small motors. The fuse size is determined by selecting the proper multiplying factor, 1.15 
or 1.25, based on the service factor or temperature rise marked on the motor nameplate. Time-delay fuse rat- 
ings 30 amperes and smaller are listed in Table 7.2. 

Circuit breakers are permitted to be used as running overload protection, but they are not generally 
available in sizes smaller than 15 amperes. If they are used for large motors, they will usually trip on start- 
ing if they are sized small enough to provide overload protection. 

Magnetic and manual motor starters have an overload relay or trip mechanism activated by a heater 
sensitive to the motor current. The manufacturer of the motor starter usually provides a chart inside the motor 
starter listing the part number for thermal overload unit. The heaters are sized according to the actual full- 
load current listed on the motor nameplate. Find the thermal overload unit number from the manufacturer's 
list corresponding to the motor nameplate full-load current. A typical manufacturer’s thermal overload unit 
selection chart is shown in Figure 7.8. An example will help show how the thermal overload sensing unit 
chart is used. 


Example 7.2 A 3-phase, 240-volt motor has a nameplate full-load current marked as 1.5 amperes, 
and the service factor is 1.15. Assume the manufacturer part numbers for the overload relay sensing 
element are listed in Figure 7.8. Select the maximum overload relay sensing element part number per- 
mitted for this motor assuming normal starting. 


Answer: The manufacturer’s part number charts for overload relay sensing elements are based upon 
a service factor of 1.15 or larger or a temperature rise of 40°C or lower. This means the sensing ele- 
ment has already included the 1.25 multiplier permitted by 430.32(A)(1). Therefore, simply look up 
the nameplate full-load current in the chart (Figure 7.8) and find the part number of JR 2.40. 


If the service factor of the motor is less than 1.15 or the temperature rise is above 40°C, then the over- 
load relay sensing element is not permitted to have a rating greater than 1.15 times the motor nameplate full- 
load current. The manufacturer chart for selecting the overload sensing element is approximately 10% too 
high. Before selecting the overload relay sensing element from a manufacturer chart if the service factor is 
less than 1.15 adjust the nameplate full-load current to a lower value by using Equation 7.3. If the service 
factor for the motor in example 7.2 had been 1.0, then the adjusted nameplate full-load current would have 
been 1.38 amperes (1.5A x 1.15/ 1.25 =1.38A) and the manufacturer part number for the overload sens- 
ing element would beJR 2.10. 
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Motor Maximum Motor Maximum 

Full-Load Thermal Fuse Full-Load Thermal Fuse 

Current Unit Rating Current Unit Rating 
(Amperes) No. (Amperes) (Amperes) No. (Amperes) 
0.28-0.30 JR 0.44 0.6 2.33-2.51 JR 3.70 5 
0.31-0.34 JR 0.51 0.6 2.52-2.99 JR 4.15 5.6 
0.35-0.37 JR 0.57 0.6 3.00-3.42 JR 4.85 6.25 
0.38—0.44 JR 0.63 0.8 3.43-3.75 JR 5.50 7 
0.45-0.53 JR 0.71 1.0 3.76-3.98 JR 6.25 8 
0.54—0.59 JR 0.81 1.125 3.99-4.48 JR 6.90 8 
0.60—0.64 JR 0.92 1.25 4.49-4.93 JR 7.70 10 
0.65-0.72 JR 1.03 1.4 4.94-5.21 JR 8.20 10 
0.73—0.80 JR 1.16 1.6 5.22-5.84 JR 9.10 10 
0.81-0.90 JR 1.30 1.8 5.85-6.67 JR 10.2 12 
0.91-1.03 JR 1.45 2.0 6.68—7.54 JR 11.5 15 
1.04-1.14 JR 1.67 2.25 7.55-8.14 JR 12.8 15 
1.15-1.27 JR 1.88 2.5 8.15-8.72 JR 14.0 17.5 
1.28-1.43 JR 2.10 2.8 8.73-9.66 JR 15.5 17.5 
1.44-1.62 JR 2.40 3.2 9.67-10.5 JR 17.5 20 
1.63-1.77 JR 2.65 3.5 10.6-11.3 JR 19.5 20 
1.78-1.97 JR 3.00 4.0 11.4-12.7 JR 22 25 
1.98-2.32 JR 3.30 4.0 12.8-14.1 JR 25 25 


Figure 7.8 Chart for selecting thermal overload sensing units. 


Adjusted Nameplate Current,, — , 15 = Nameplate Current x — oe Eq. 7.3 


Sometimes a motor is required to start a load where the start-up time is long enough to overheat and trip 
the overload relay. One way to deal with this problem is to install a sensing element with a longer time rating. 
NEC® 430,32(C) does permit increasing the sensing element rating but not to exceed 140% when the service fac- 
tor is 1.15 or greater, and to 130% when the service factor is less than 1.15. Once again, the nameplate current 
must be adjusted before selecting a manufacturer part number from a chart already based upon 125% of the 
motor nameplate full-load current. Equation 7.4 can be used for making the adjustment in nameplate current 
when the overload sensing element is being sized not to exceed 140%. In the case of the motor in Example 7.2, 
the adjusted nameplate current would be 1.68 amperes and the manufacturer part number would be] R 2.65. 


Adjusted Nameplate C urrenty jplying 430.32(C) = Nameplate Current x aa Eq. 7.4 


1.25 


Remote Control Circuit Wires 


A magnetic motor starter is operated with an electric solenoid coil. A control circuit is installed to oper- 
ate the solenoid. One or more operating devices may be on a control circuit. The control circuit wires are 
permitted to be smaller than the motor-circuit wires, and they are considered to be protected by the motor 
branch-circuit short-circuit and ground-fault protection. There is alimit as to how high a rating is permitted 
for this branch-circuit protection before the control circuit is no longer considered to be adequately protected. 
The rules for determining the minimum control circuit wire size permitted based on the branch-circuit pro- 
tection rating are given in 430.72. When the rating of the branch-circuit protective device is too high, over- 
current protection shall be installed to protect the control circuit. 
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Motor-Circuit Examples 


Some examples of motor-circuit component sizing will help illustrate the application of Article 430. 
Nameplate information is given for the motor in each example. The motor nameplate current, as stated in 
430.6(A)(1), is used to determine the rating of the running overcurrent protection. The current as found in 
Tables 430.247, 430.248, 430.249, and 430.250 is generally used to determine the size of branch-circuit con- 
ductors and branch-circuit short-circuit and ground-fault protection. Example 7.3 illustrates how components 
of a circuit are sized for a small horsepower motor. 


Example 7.3 A 1/4-horsepower, 115-volt, single-phase electric motor is operated from an automatic 
controller, as shown in Figure 7.9. The nameplate full-load current is 5.4 amperes and the service fac- 
tor is 1.15. A fusible switch acts as the disconnect and contains fuses that act as both short-circuit and 
ground-fault protection, as well as running overload protection. The motor is not thermally protected, 
and it is not powering a hard starting load. Determine (1) the minimum size copper, Type THWN 
branch-circuit conductor permitted assuming 75°C terminations, and (2) the maximum permitted rat- 
ing of time-delay fuse to protect the motor from overloads and the branch-circuit from short circuits 
and ground faults. 


Answer: First, look up the motor full-load current from Table 430.248. The value of full-load cur- 
rent will be 5.8 amperes. The minimum permitted branch-circuit wire size is determined according to 
430.22(A). The ampacity of the conductor is determined by multiplying the full-load current for the 
motor by 1.25, then the minimum wire size is found in Table 310.16. The smallest wire size permitted 
for a branch-circuit is 14 AWG, even though the calculated value for the motor was 7.25 amperes. 


1.25 x 5.8A =7.25A 


A single set of fuses will serve as both branch-circuit short-circuit and ground-fault protection, as well 
as overload protection for the motor. Fuses can often provide both functions. The overload protection 
for the motor is amore restrictive requirement than short-circuit and ground-fault protection; therefore, 
size the fuses for the overload condition. Use the nameplate full-load current of 5.4 amperes to deter- 
mine overload protection. The maximum overload rating selection is covered in 430.32(B)(1). Itis not 
permitted to round up to the next standard rating fuse unless the size selected using 430.32(B)(1) is not 
adequate to start the motor. When an increase in rating is required, it is not permitted to exceed 140% 
of the nameplate full-load current, as stated in 430.32(C). It is not permitted to select the 10-ampere 
standard rating of overcurrent device, as listed in 240.6, because it is larger than 140%. Select a set of 
fuses with a rating of 6.0 or 6.25 amperes from Table 7.2. If the 6.25-ampere fuse is not adequate to 
start the motor, then it is permitted to choose a 7-ampere fuse. 


1.25 x 5.4A =6.75A 
1.40 x 5.4A =7.56A 
Example 7.4 A 10-horsepower, design B, 3-phase, 460-volt electric motor is controlled by a mag- 


netic motor starter on a branch-circuit with a fusible switch as the disconnecting means. The circuit is 
shown in Figure 7.10. The nameplate full-load current is 14 amperes and the service factor is 1.15. The 


MOTOR NAMEPLATE 


HP 1/4 V 115 
FUSIBLE PH1 A54 
DISCONNECT | SF 1.15 CODE 
AUTOMATIC CONTINUOUS DUTY 
CONTROLLER 


Figure 7.9 An automatically controlled, 1/4-horsepower, single-phase, 115-volt electric motor branch-circuit. 
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MOTOR NAMEPLATE 


a HP 10 ~=V_ 460 

° PH3 A 14 
CONTROL ° SF 1.15 CODEM 
CIRCUIT —~ CONTINUOUS DUTY 


A 


— op —$] om 


FUSIBLE = 


DISCONNECT 


neat 
CONTROLLER an 


Figure 7.10 A 10-horsepower, design B, 3-phase, 460-volt squirrel-cage motor controlled with a magnetic motor 
starter. 


conductors are in conduit, and the motor is not powering a difficult starting load. Determine the fol- 
lowing for the motor circuit: 


The minimum permitted size copper, Type THWN branch-circuit conductor with 75°C terminations 

The minimum permitted rating of the circuit disconnect 

The minimum NEMA size motor starter permitted 

The maximum permitted rating of time-delay fuses to be used for branch-circuit short-circuit and 

ground-fault protection 

5. The maximum permitted rating of motor overload device as found in the sample manufacturer 
chart of Figure 7.8 

6. The minimum permitted size of Type THWN control circuit wire when protected from overcur- 

rent by the branch-circuit fuses and assuming 75°C terminations 


PON'S 


Answer: (1) Look up the motor full-load current rating of 14 amperes from Table 430.250 in the 
Code. Next, determine the minimum permitted rating in amperes of the branch-circuit wire. The wire 
size is determined from Table 310.16. NEC® 240.4(D), which limits the overcurrent protection for sizes 
14, 12, and 10 AWG, does not apply in the case of motor circuits. The minimum wire size permitted 
is 14 AWG copper. 


1.25 x 14A =17.5A 


(2) The disconnect is required to be rated in horsepower for the operating voltage of the motor. 
Electrical equipment typically has voltage ratings of 150, 250, and 600 volts. In the case of this motor, 
choose a 600-volt rated disconnect switch with a minimum 3-phase rating of 10 horsepower. 

(3) The motor starter (controller) is required to have a minimum rating of 10-horsepower, 3-phase at 
480 volts. Find the minimum permitted NEMA size 1 from Table 7.1. 

(4) The maximum rating of the branch-circuit short-circuit and ground-fault protection is deter- 
mined using the information from the following Code sections: 


* NEC® 430.52(C)(1) and Table 430.52 

* NEC® 430.52(C)(1), Exception 1, which permits rounding up to the next standard rating of overcur- 
rent device, as listed in 240.6, when the size is determined according to Table 430.52 

* NEC® 430.52(C)(1), Exception 2(b). It is permitted to increase size if high motor starting current 
causes the overcurrent device to open, but the overcurrent device is not permitted to have a rating in 
excess of 225% of motor full-load current when time-delay fuses are used. 


1.75 x 14A =24.5A maximum fuse ampacity 
2.25 X 14A =31.5A absolute maximum ampacity 


It is permitted to round the 24.5 amperes up to the next standard rating of fuse, which would be 
25 amperes. If this fuse rating is too small to prevent fuse opening during difficult motor starting, then 
it is permitted to choose higher rating fuses, but it is not permitted to exceed 31.5 amperes. In this case, 
it would be permitted to use a 30-ampere fuse only if the 25-ampere fuse was not of a sufficiently high 
rating to carry the starting current. 
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(5) The motor overload protection for this motor is determined by using the nameplate full-load cur- 
rent of 14 amperes. In this case, the nameplate current and the current from Table 430.250 are identi- 
cal. Next, check the service factor (SF) or the temperature rise on the motor nameplate. This motor has 
a service factor of 1.15. This means that the overload protection is permitted to be sized at amaximum 
of 125% of the nameplate full-load current. The manufacturer has already taken the 125% into 
account; therefore, use the nameplate full-load current and look up the manufacturer’s number for the 
overload thermal unit to be installed into the motor starter. Using the nameplate full-load current of 
14 amperes, the manufacturer’s thermal unit number using the chart of figure 7.8 isJR 25. 

(6) The branch-circuit fuses for this motor circuit are rated at 25 amperes. The control circuit is cov- 
ered by 430.72(B)(2). The maximum permitted branch-circuit overcurrent device rating for various 
wire sizes is given in column C of Table 430.72(B). If a size 14 AWG wire is used, the branch-circuit 
fuses are permitted to be rated at 45 amperes. For this circuit, the fuses are 25 amperes, and the mini- 
mum permitted wire size is 14AWG. 


Example 7.5 A 3-phase, 3/4-horsepower, design B, 230-volt motor is operated by a motor starter 
from a circuit protected with an inverse-time circuit breaker, as shown in Figure 7.11. The nameplate 
full-load current is 2.8 amperes and the service factor is 1.15. Is the 15-ampere circuit breaker permit- 
ted to act as short-circuit and ground-fault protection for the motor and controller? 


Answer: The minimum branch-circuit wire size permitted is 14 AWG, as determined by multiplying 
the 2.8-ampere full-load current for the motor by 1.25. The maximum permitted size of branch-circuit 
short-circuit and ground-fault protective device rating is determined from 430.52 and Table 430.52. The 
maximum permitted rating of circuit breaker for the circuit is stated in 430.52(C)(1), Exception 2(c) as 
400% of the motor full-load current. This is still smaller than the smallest circuit breaker rating avail- 
able and would tend to indicate that the circuit breaker rating is still too high for the motor circuit. But 
this situation is covered in Exception 1 to 430.52(C)(1). Standard ratings for circuit breakers smaller 
than 15 amperes are not available; therefore, this is the smallest standard circuit breaker. The answer to 
the question is yes. The 15-ampere circuit breaker is permitted to be used for this motor circuit. 


2.5 xX 2.8A =7.0A 
4.0 x 2.8A =11.2A 


Example 7.6 A specific fixed motor load consisting of 10-, 7.5-, and 5-horsepower, 3-phase, 230-volt 
design B motors is supplied by a specific purpose feeder. Fuses are used as short-circuit and ground- 
fault protection for each motor branch-circuit, and the ratings of these time-delay fuses for the branch- 
circuits are aS follows: 10-horsepower motor, 45-ampere; 7.5-horsepower motor, 30-ampere; and 
5-horsepower motor, 25-ampere. The circuit is shown in Figure 7.12. Determine the following: 


1. The minimum copper, Type THWN feeder wire size permitted assuming 75°C terminations 
2. The maximum feeder time-delay fuse size 
3. The minimum tap wire sizes for each motor branch-circuit assuming 75°C terminations 


Answer: (1) Look up the motor full-load current from Table 430.250. Then determine the minimum 
size wire permitted using the rule in 430.24. Look up the minimum wire size permitted from 
Table 310.16. The minimum feeder wire size is 4AWG. 


15.2A +22A +28A +0.25 X 28A =72.2A 


DISCONNECTING 
MEANS, 15-AMPERE MOTOR NAMEPLATE 
CONTROLLER HP 3/4 V 230 
CIRCUIT BREAKER PH 3 A 2.8 
{i ™ O SF 1.15 CODEM 
CONTINUOUS DUTY 
CONTROLLER 


Figure 7.11 A circuit breaker provides the branch-circuit short-circuit and ground-fault protection for a 
3/4 horsepower, 3-phase, 230-volt design B, squirrel cage-motor. 
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Figure 7.12 Three design B squirrel-cage motor branch-circuits are tapped from a feeder where these motors 
are the only loads on the feeder. 


(2) The maximum permitted feeder time-delay fuse size is determined from 430.62. Start with the 
maximum branch-circuit fuse rating permitted (50A) and add to it the full-load currents of the other 
motors supplied by the feeder and get 87.2 amperes. It is not permitted to exceed this value calcu- 
lated; therefore, an 80-ampere time-delay fuse would seem to be the maximum permitted for the 
feeder. In this case, 430.62(A) would require overcurrent protection on the feeder that was less than the 
ampacity of the feeder conductor. NEC ® 430.62(B) permits the feeder conductor to be sized larger than 
required for the specific motor load, and the overcurrent protection to be based upon the ampacity 
of the conductors. This means the rules of 240.4 will apply with respect to selecting the overcurrent 
device rating and conductor size. In this case the size 4 AWG copper feeder conductor is permitted 
to be protected with a 90-ampere overcurrent device. Another example of this procedure is given in 
Example D8, Annex D of the Code. 


50A +22A +15.2A =87.2A 


(3) The minimum branch-circuit tap sizes permitted are determined using the tap rule of 430.28. With 
the 10-ft (3 m) rule, the minimum tap conductor ampacity is one-tenth of the rating of the feeder over- 
current device. In this case, the feeder overcurrent device is a set of 80-ampere time-delay fuses. One- 
tenth of that rating is 8 amperes. In this case, the tap conductors will be simply sized adequate to serve 
the individual motor branch-circuits. 


10-horsepower motor: 28A xX 1.25 =35A, size 10 AWG 
7.5-horsepower motor: 22A xX 1.25 =27.5A,sizel0 AWG 


For the 5-horsepower motor, the branch-circuit tap is more than 10 ft (3 m); therefore, the 25-ft (7.5- m) 
tap rule shall be used. The tap conductor shall have an ampacity of not less than one-third that of the 
feeder conductors, which is 85 amperes for a size 4 AWG copper Type THWN conductor with 75°C 
terminations. Also, be sure to check the minimum size wire required to supply the motor. A size 
14AWG wire is the minimum permitted to supply the motor, but it is required to use a size 10 AWG 
wire to satisfy the minimum tap permitted. 


5-horsepower motor: 15.2A x 1.25 =19A,size14AWG 


ate =28.3A, size 10 AWG 
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Grounding Motors and Controllers 


Grounding of equipment in a motor circuit is discussed in Part XII| of Article 430 and in 250.122(D). Part XIII 
specifies what equipment is required to be grounded and how the grounding is to be accomplished. Frequently, 
metal raceway acts as the equipment grounding conductor for components of the circuit such as the discon- 
necting means enclosure, controller, and control devices. A typical motor installation has a flexible section of 
raceway between the controller and the motor. This flexible section is necessary for motor alignment to the 
driven machine and to minimize vibration from being transmitted to other equipment. A bonding jumper can 
be installed across this flexible section of raceway or an equipment grounding wire can be run inside the race- 
way with the circuit conductors. When supplied by flexible cord, an equipment grounding conductor is also 
required to be installed. Determining the minimum size of equipment grounding conductor for a motor circuit 
is based upon the size of overcurrent device protecting the branch-circuit, 250.122(D)(1). The minimum size 
bonding jumper or equipment grounding conductor is determined according to the rule in 250.122(A). 
Table 250.122 is used to determine the minimum wire size using the branch-circuit overcurrent device rating. 
Since the branch-circuit overcurrent device is only intended to protect for ground faults and short circuits, it 
often has a rating much higher than the ampacity of the motor-circuit conductors. The following example will 
illustrate how the minimum size of an equipment grounding conductor is determined for a motor circuit: 


Example 7.7: Determine the minimum size copper equipment grounding conductor required for 
a motor branch-circuit where the design B motor is rated 20 horsepower, 460 volts, 3 phase with a 
full-load current of 27 amperes. Assume the circuit is protected with time-delay fuses rated at 
50 amperes, and the circuit conductors are size 10 AWG copper. Determine the minimum size cop- 
per equipment grounding conductor permitted for this circuit. 


Answer: Look up the minimum size grounding electrode conductor for this motor circuit in 
Table 250.122 using the 50 ampere circuit overcurrent device rating. The minimum size grounding 
conductor for this motor circuit is 10 AWG copper which is the same size as the ungrounded circuit 
conductors. 


MOTOR-CONTROL CIRCUIT WIRING 


M otor-control circuit wiring can be confusing, but after the general concept is understood, it can be 
easily performed. Common types of control circuit wiring for a magnetic motor starter are the 3-wire con- 
trol and the 2-wire control. A typical example of the 3-wire control circuit is a start-stop station that oper- 
ates the solenoid of a magnetic motor starter, shown in Figure 7.14.A 2-wire control is any device that opens 
and closes a switch to operate the motor starter. A pressure switch, limit switch, and thermostat are typical 
examples of a 2-wire control device, shown in Figure 7.15. Ladder diagrams are frequently used to provide 
a means of visualizing the control circuit and how it works. Figure 7.13 shows a ladder diagram for a start- 
stop station operating a motor starter. 

A schematic diagram of a magnetic motor starter operated with a start-stop station is shown in Figure 7.14. 
Compare the diagram of Figure 7.14 with Figure 7.13 to see how a ladder diagram represents the actual con- 
trol circuit. With the ladder diagram, it is easy to see how the circuit works, but with Figure 7.14 it is easy 
to see how the wiring is installed. 
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Figure 7.13 Ladder diagram for a start-stop station controlling a magnetic motor starter. 
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Figure 7.14 The wiring of a start-stop station to control a magnetic motor starter for a 3-phase design B 
squirrel-cage motor. 


A 2-wire control device is frequently used to open and close the motor-control circuit. Figure 7.15 
shows a motor starter operated with a thermostat using power from two of the supply lines of the 3-phase 
source. Note that the thermostat in Figure 7.15 simply completes the circuit from line L1 to the coil. In the 
case of a 2-wire control circuit, the holding contact in the magnetic motor starter is not needed. Some phys- 
ical action opens and closes the contacts of the 2-wire control device. In the case of Figure 7.15, that phys- 
ical action is change in temperature. Other types of physical action are pressure, fluid level, flow 
rate, mechanical pressure, proximity, and many other physical quantities that can be detected by some type 
of sensor. It is important to remember that when power is restored after a power interruption, the motor will 
start immediately if the 2-wire control device is still in the closed position. This is the importance of 455.22 
in the case of a power interruption of a rotary phase converter circuit. It is necessary to make sure that the 
phase converter is restarted before the loads are started. Safety may be a factor in the case of a power inter- 
ruption, and automatic restarting of loads may not be desirable. Note that in the case of the 3-wire control cir- 
cuit of Figure 7.14, the motor will not restart after a power interruption because the holding contact is now open. 
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Figure 7.15 The wiring of a simple switch device such as a thermostat to control a magnetic motor starter. 
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Figure7.16 An external power source such as a programmable controller is used to control the motor at 120 volts. 


A 2-wire control circuit is used when an external device, such as a programmable controller, is used 
to operate the motor starter as illustrated in Figure 7.16. In this case, the power source to operate the motor 
starter solenoid may be from a source other than the motor branch-circuit. It will be necessary to make sure 
there is no connection between the two power sources. 

In the case of a control circuit power source separate from the motor branch-circuit, 430.74(A) requires that 
all power sources be capable of being disconnected from the motor and the controller. Itis permitted to havea sep- 
arate disconnecting means for the motor branch-circuit and the control circuit. T he dotted line in Figure 7.16 shows 
the wire that must be removed to make sure the control circuit power source is separated from the motor branch- 
circuit power source. The solenoid in the motor starter must match the control circuit voltage, and the control cir- 
cuit must be separated from the motor power supply by removing a factory-installed wire inside the motor starter. 

When a motor is operated at 480 volts, a control circuit is permitted to reduce the 480-volt supply to a 
lower voltage such as 120 volts by installing a control transformer inside or adjacent to the motor starter. 
Figure 7.17 shows a typical installation of a control transformer for a motor-control circuit. Note in Figure 
7.17 that a factory-installed wire inside the motor starter must be removed when a control transformer is sup- 
plying the control circuit power. 


CONDENSATION IN MOTORS 


Electric motors installed in some locations where there is high humidity, especially with changes in 
temperature, can result in condensation inside the motor. Even a totally enclosed motor frame does not always 
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Figure 7.17 A control transformer steps 480 volts down to 120 volts for the control circuit. 
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keep out moisture. This condensation can lead to corrosion, deterioration of winding insulation, and other 
problems that result in premature motor failure. Resistance heaters are sometimes installed inside motors to 
keep the inside warm enough to prevent condensation when not in operation. If a motor is equipped with an 
internal condensation-prevention heater, the heater voltage, phase, and rated power are required to be marked 
on the motor according to 430.7(A)(15). These condensation-prevention electric resistance heaters are usually 
installed at one or both ends of the stator windings, as shown in Figure 7.18. Since these heaters are energized 
when the motor is not running, a separate set of wires with overcurrent protection is required to be run from 
the controller to the motor. The Code does not specifically address the wiring of these heaters; therefore, it is 
assumed that the typical rules for wiring a branch circuit are to be followed. 


AD) USTABLE-SPEED-DRIVES 


The majority of the electric motors in use are induction motors that operate at a nearly constant speed. 
By applying 3-phase power to the windings in the stator of the motor, a magnetic field rotates in space about 
the axis of the motor. This rotating magnetic field induces a current into the aluminum squirrel cage of the rotor. 
That induced current in the rotor creates a magnetic field that tries to follow the stator magnetic field. The rotor 
of an induction motor will always turn at a speed slightly slower than the stator magnetic field. In a 4-pole 
induction motor energized with 3-phase, 60-Hz power, the stator magnetic field will rotate at a constant 
1800 rpm. The rotor will turn at somewhere between 1725 rpm to 1750 rpm, depending upon the load being 
powered. If the frequency of the supply to the motor can be increased, the rotor will turn at a faster speed. If 
the frequency of the supply to the motor is decreased, the rotor will turn at a slower speed. This is how an 
adjustable speed drive works. The power conversion unit of the drive rectifies the 60-Hz input power into direct 
current, then creates an output that is not a sine wave, but it does have a repetitive pattern. If the output fre- 
quency of the conversion unit is less than 60 Hz, the rotor of the motor will turn at a slower speed. An 
adjustable-speed drive makes it possible to vary the rotor speed of what would normally be a fixed-speed motor. 
A common method of creating a variable frequency output to power a 3-phase induction motor is by a method 
called pulse width modulation (PWM ). The induction motor is supplied with a repetitive pattern of positive and 
negative pulses with varying width to the pulses. Figure 7.19 is a simplified representation of a pulse width 
modulated output of one of the phases supplied to an induction motor from an adjustable-speed drive. 

The power developed by an electric motor is proportional to the torque developed by the shaft times 
the revolutions per minute (rpm). Horsepower developed at the shaft of a motor can be determined using 
Equation 7.5 where torque is in Ib-ft and rotor speed is in rpm. M otors are frequently used on loads that do 
not require a constant horsepower. A centrifugal pump may be required to maintain a constant pressure, but 
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Figure 7.18 Resistance heaters are sometimes installed inside motors to prevent condensation when the motor 
is not in operation. 
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Figure7.19 Theoutput power from an adjustable-speed drive conversion unit is typically a series of positive and 
negative pulses with varying spacing that to a motor acts similar to a sine wave. 


the flow is variable. If the motor operates at a constant speed when the flow is variable, some means must be 
devised to prevent the motor from over pressurizing the system. This type of regulation is a waste of energy. 
Using an adjustable-speed drive, the motor rpm can be reduced when the flow decreases, and still maintain 
the desired pressure. Note in Equation 7.5 that a reduction in rpm results in a reduction in horsepower and yet 
the torque is maintained at a constant level. This is how adjustable-speed drives are used to save energy. 


2X 7 X torque x rpm 
Horsepower = — — — ——-———-————--—--—---- Eq. 7.5 
33,000 

Another example of the installation of an adjustable-frequency drive for the purpose of energy savings 
is the vacuum system of a dairy farm. It is not uncommon for some dairy farms to be milking cows for up 
to 22 hours per day, with a short down time for cleaning and maintenance of the equipment and facilities. 
The electric motor powering this vacuum system typically ranges in size from 10 to 20 horsepower. The vac- 
uum system is sized for the maximum capacity requirement, which is the cleaning cycle. This capacity is 
typically four times the capacity needed for milking the cows. What this means is that the vacuum system, 
when operated with a direct supply motor, is working 50% to 75% harder than necessary most of the day. 
By supplying this motor with an adjustable-speed drive, the motor speed will be varied to keep the vacuum 
level exactly as required. The vacuum load during a milking operation is constantly changing; therefore, the 
speed of the motor is constantly changing. Experience on thousands of installations has shown energy sav- 
ings ranges greater than 50% over a direct drive constant speed motor. There are many similar commercial 
and industrial applications that can save a significant amount of energy and cost of operation. 

The motor supplied by the adjustable-speed drive must be a 3-phase motor. If the facility is supplied 
with single-phase power, the adjustable-speed drive can be operated from the single-phase supply, but the 
load must be a 3-phase motor. The adjustable-speed drive can be somewhat hard on motor winding insula- 
tion, and motors must be rated for use with these drives. It must be pointed out that when the motor operates 
at a speed below full-load speed, the cooling of the motor is reduced. These motors should be installed in 
locations where they get good ventilation to help keep the motor cool. The adjustable-speed drive is mostly 
a solid-state electronic device delivering large amounts of power, and it is sensitive to inadequate power qual- 
ity. If such a drive is powering a critical load, such as a dairy milking operation, it is suggested there be either 
a back-up system, or a by-pass switch for the drive so it can be operated directly from the 3-phase power 
supply. In the case where the premises are supplied only with single-phase power, a by-pass switch is not an 
option. A one-line diagram of an adjustable-speed drive powering a 3-phase motor with a by-pass switch is 
shown in Figure 7.20. The adjustable-speed drive generally provides the overload protection for the motor; 
therefore, the by-pass circuit is required to contain motor overload protection. 


WYE-DELTA MOTOR STARTING 


A 3-phase delta connected motor that has all six leads available can be reduced-voltage started by con- 
necting the windings in a wye configuration during starting then switching the windings to a delta configu- 
ration when the motor reaches nearly full speed. This is called wye-delta starting. Since there are size leads 
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Figure 7.20 An adjustable-speed drive converts normal 60-Hz power into a form of power at varying frequen- 
cies for the purpose of adjusting the rotor speed of a 3-phase induction motor. Sometimes, a by-pass switch is 
installed in the event the drive fails. 


between the controller and the motor, each lead does not carry the full-load current of the motor. Once the 
motor is running at full speed and the windings are in delta configuration, each lead carries 58% of the 
full-load current of the motor. In 430.22(C) and 440.32, the motor-circuit conductors are required to be sized 
at 125% of the current, and when factored into the 58%, the result is that the wires between the controller 
and the motor are to be sized not smaller than 72% of the full-load current of the motor. This point is not 
made clear in the Code. A diagram of a delta-wound motor started in a wye configuration and operated in a 
delta configuration is shown in Figure 7.21. 


NEC® 440.32 AND 430.22(C) PERMIT CONDUCTORS BETWEEN CONTROLLER AND MOTOR TO BE 
SIZED AT 72% OF MOTOR FULL-LOAD CURRENT. 
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Figure 7.21 Whena motor compressor is operated with windings in a wye configuration for starting and a delta 
configuration for running, there will be six wires between the controller and motor, and each wire will not carry 
morethan 58% of the motor full-load current. The conductors are required to have an ampere rating not less than 
72% of the motor full-load current. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


256 Unit 7 


A similar application where reduced voltage starting is used is a technique called part-winding starting. 
Part-winding motor starting involves two parallel sets of phase conductors between the controller and motor, as 
indicated in 430.22(D). The wires between the controller and the motor each carry half of the motor full-load 
current. It is necessary to multiply the 50% full-load current by 1.25 for part-winding motors so that each con- 
troller to motor supply wire is required to have an ampere rating of not less than 63% of motor full-load current. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide 409 Industrial C ontrol Panels 


409.2: There is a new definition of a control circuit. It does not carry the motor load current, but only the 
current required to direct the performance of the controller. 

409.2: The definition of industrial control panel was revised. It now points out that an industrial control panel 
may consist of power circuits only such as motor controllers, overload relays, and similar devices, but 
no control circuit components. An industrial control panel may also consist of control circuit compo- 
nents and no power circuit components. The new definition is illustrated in Figure 7.22. An industrial 
control panel may contain both power-circuit components as well as control-circuit components. 

409.106: A new section was added that set minimum spacing distances for live bare metal parts and termi- 
nals associated with feeders in an industrial control panel. There is an exception that permits closer 
spacing for listed components such as the terminals of a circuit breaker. 

409.110 Exception: An industrial control panel is required to be marked with a short-circuit current rating 
unless the panel only contains control-circuit components. This exception for industrial control-circuit 
panels was not part of the previous edition of the Code. 


Artide 430 Motors, Motor Circuits, and Controllers 


430.2: A new definition was added for a valve actuator motor assembly or VAM. These motors and the asso- 
ciated controls open and close valves in industrial process systems. The motors typically develop high 
torque for short periods of time. 

430.87 Exception 2: This section requires a separate controller for each motor. The exception simply covers 
a practice that was permitted in the past, but not specifically covered in the Code. Such motors rated 
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Figure7.22 Anindustrial control panel may only contain control circuit components; it may only contain power 
circuit components, or it may contain both; and it not only controls motors, but may control other components of 
an industrial system. 
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not over 1/8 horsepower are permitted to be controlled by the branch-circuit overcurrent device, but 
there was never a provision for more than one to be on the same circuit. 

430.102 Exception 3: This section requires a disconnecting means to be located in sight of a motor controller. 
The new exception deals with the case where a valve actuator motor assembly (VAM) containing a 
controller is located such that it would create a hazard to provide a disconnecting means within sight 
of the VAM assembly. The disconnecting means provided at an alternate location is permitted where a 
label is provided at the VAM assembly giving the location of the disconnecting means, and permanent 
provisions are made to lock the disconnect in the open position. This is illustrated in Figure 7.23. 

430.103: The disconnecting means for a motor or controller is required to be designed such that it is inca- 
pable of being closed automatically. 

430.126(A ): Over temperature protection of motors operated from adjustable speed drive systems is a problem. 
This section in the previous edition of the Code required over temperature protection of the motor in all 
cases in addition to the typical motor circuit overload protection sized in accordance with 430.32. The 
change is that now this additional motor over temperature protection is only required where the motor is 
not rated to operate at full load current over the speed range of the particular application. M otors have 
internal and sometimes external fans for cooling. When motor shaft speed is reduced, the ability of these 
fans to cool the motor is reduced, thus resulting in potential over temperature conditions within the motor. 

430.126(A )(2) Exception: Some adjustable speed drive systems have the ability to keep track of potential motor 
over temperature by monitoring load current and speed. Paragraph (2) requires that when this system of 
over temperature protection is utilized, the drive unit must be capable of maintaining a memory of this 
thermal information, even when the drive is deenergized so that if power is restored, the unit will be able 
to keep track of the previous motor temperature condition. If there is a short time interruption of power 
and the drive does not retain this thermal history, the motor can be damaged by over heating because the 
drive no longer remembers the previous conditions. The exception is new and does not require such ther- 
mal memory retention when the system is rated for continuous duty operation. A pplications where ther- 
mal memory is most likely necessary are for short-time, intermittent, periodic, or varying duty loads. 

430.126(A) FPN: The fine print note from the previous edition of the Code was revised to more clearly 
explain the conditions of an adjustable-speed drive that can lead to an over temperature condition in 
motors. A recommendation related to external cooling systems for motors was added since a require- 
ment relating to external cooling systems was removed since the previous edition of the Code. 

430.227: This section requires the locking means for the disconnecting means for a motor controller for a 
circuit operating at more than 600 volts to be one that remains in place when the lock is removed. This 
means that portable add-on locking means to a disconnect is not permitted. AI that an electrician needs 
to bring to the site is a lock. 

430.243 Exception 1: This is a new exception where grounding is not required where motors operating at 
over 150 volts to ground are double-insulated, marked as such, and part of listed tools, listed appli- 
ances, or other listed equipment. The previous edition of the Code required that all equipment with 
motors operating at over 150 volts to ground be grounded. 

430.243 Exception 2: M otors operating at over 150 volts to ground and part of cord and attachment plug con- 
nected listed tools, listed appliances, and listed equipment are permitted to not be grounded. 
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Figure 7.23 Short-time duty motors, generally delivering high torque used in industrial systems to control flow 
valves, are known as valve actuator motors (VAM s) and have special installation requirements now covered in 
Artide 430. 
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Artide 440 Air-Conditioning and Refrigerating E quipment 


440.14: When a disconnect is installed attached to an air-conditioning or refrigeration unit, it is not permit- 
ted to be installed in such a way that it obstructs view of the nameplate on the unit. 

440.14 Exception 1: For certain industrial applications, the disconnecting means for an air-conditioning or 
refrigeration unit is permitted to be located out of sight of the unit. In these cases, the disconnecting 
means is required to be capable of being locked in the open position. The change means that the lock- 
ing means is required to be a fixed part of the disconnecting means and not some portable means that 
is added by the electrician. 


Artide6/5_ Electrically Driven or Controlled Irrigation Machines 


675.8(B): This change deals with the method of locking the main disconnecting means for an electrically 
powered irrigation machine in the open position. The previous edition of the Code only required that 
the disconnect be capable of being locked in the open position. A maintenance person may arrive at 
the site only to find that a portable locking device, which may not be available, is required to lock out 
power. The change requires that the switch or circuit breaker be of a type that can be locked or that has 
a locking means added. 
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WORKSHEET NO. 7— BEGINNING 
MOTOR-CIRCUIT WIRING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 3-phase, 460-volt, 30-horsepower, design B, squirrel-cage induction motor is sup- 
plied with size 8 AWG copper conductors with 75°C insulation and terminations. 
The branch-circuit is protected from short circuits and ground faults with 70-ampere 
rated time-delay fuses. A short section of Liquidtight Flexible Nonmetallic Conduit 
is installed in the raceway between the controller and the motor to prevent transmis- 
sion of vibration as shown in Figure 7.24 and a copper equipment grounding con- 
ductor is run from a grounding lug on the controller enclosure to a grounding lug in 
the motor terminal housing. The minimum size equipment grounding conductor per- 


mitted is: 
A. 14AWG. C. 10AWG. E. 6AWG. 
B. 12AWG. D. 8AWG. 


Codereference 
2. According to 430.102(B) in the Code, a disconnecting means is required to be located 
“in sight from” a motor and driven machinery location. In addition to being directly 
in the line of sight, the term “in sight from” means the disconnect must not be located 
from the motor and driven machine a distance greater than: 


A. 10 ft (3m). D. 25 ft (7.5 m). 
B. 15 ft (4.5 m). E. 50 ft(15 m). 
C. 20 ft (6m). 


Code reference 
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Figure 7.24 Determine the minimum size copper equipment grounding conductor required from the controller 
to the motor with the circuit protected with 70-ampere time-delay fuses. 
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3. A flexible cord attachment plug and receptacle are permitted to serve as the con- 
troller for a 230-volt, single-phase, portable induction motor that has a rating not 
greater than: 

A. 1/8 horsepower. D. 1/2 horsepower. 
B. 14/4 horsepower. E. 3/4 horsepower. 
C. 1/3 horsepower. 
Codereference, 

4, A 3-phase, 5-horsepower, 230-volt, design B, squirrel-cage induction motor has a 
nameplate full-load current of 14 amperes and a service factor of 1.15. The branch- 
circuit short-circuit and ground-fault protection is provided with a 40-ampere 
inverse-time circuit breaker. The circuit is shown in Figure 7.25. The minimum 
branch-circuit copper conductor size with 75°C insulation and terminations permit- 
ted for this motor is: 

A. 16AWG. C. 12AWG. E. 8AWG. 
B. 14AWG. D. 10AWG. 


Codereference 
5. Each controller shall be capable of starting and stopping the motor and shall be capa- 
ble of: 
interrupting the locked-rotor current of the motor. 
interrupting the full-load current of the motor. 
interrupting 125% of the full-load current of the motor. 
sensing overload currents. 
sensing short circuits and ground faults. 


MOODS 


Codereference 

6. A 10-horsepower, 230-volt, 3-phase, design B, squirrel-cage induction motor has a 

nameplate full-load current of 26 amperes and a service factor of 1.15. The branch- 

circuit conductors are size 10 AWG copper with 75°C insulation and terminations. 

The motor has no difficulty starting the load. The circuit is similar to Figure 7.25. If 

an inverse-time circuit breaker is used as the branch-circuit short-circuit and ground- 

fault protection, the maximum standard rating permitted for this circuit is: 

A. 30 amperes. C. 50 amperes. E. 70 amperes. 

B. 40 amperes. D. 60 amperes. 


Code reference 


MINIMUM COPPER 


WIRE SIZE? 
5-HP, 230-VOLT 
3-PHASE, SF 1.15 


INVERSE- / 


OO 


TIME CIRCUIT 
BREAKER 


ind 


> 


Figure 7.25 Determine the minimum size copper conductor for a motor branch-circuit that is short-circuit and 
ground-fault protected by a 40-ampere inverse-time circuit breaker and supplies a 5-horsepower, 230-volt, 
3-phase motor. 
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7. A 230-volt, 3-phase, 10-horsepower, design B, squirrel-cage induction electric motor 
has a nameplate full-load current of 26 amperes and a service factor of 1.15. The 
branch-circuit conductors are size 10 AWG with 75°C insulation and terminations. If 
a set of time-delay fuses is installed to provide both running overload protection and 
branch-circuit short-circuit and ground-fault protection, the maximum standard rating 


permitted is: 
A. 30 amperes. C. 40 amperes. E. 50 amperes. 
B. 35 amperes. D. 45 amperes. 


Codereference 
8. A motor and driven machine are located within sight of the controller and a fusible 
switch capable of being locked in the open position is located within sight of the con- 
troller, but not within sight of the motor or driven machine as shown in Figure 7.26. 
This commercial installation is permitted: 
A. in any type of occupancy. 
B. only in commercial occupancies where there are qualified personnel on duty to 
service the installation. 
C._ if there is an additional disconnect located between the controller and the motor 
within sight of the motor and driven machine. 
D. even if the disconnect cannot be locked in the open position as long as a warn- 
ing label can be attached to the disconnect during servicing. 
E. because the fuses can be removed from the disconnect during servicing. 


Codereference. 
9. A 3-phase, 230-volt, 71/2-horsepower squirrel-cage induction motor is required to be 
free to move during operation and is supplied power with aType SO flexible cord. The 
cord is copper with three insulated ungrounded conductors and a green insulated equip- 
ment grounding conductor. The minimum size cord permitted for this motor is: 
A. 14AWG. C. 10AWG. E. 6AWG. 
B. 12AWG. D. 8AWG. 


Codereference 
10. A 3-phase, 230-volt, design B squirrel-cage induction motor has branch-circuit 
short-circuit and ground-fault protection provided by a 60-ampere circuit breaker. 

The magnetic motor starter is operated by a start-stop station located 10 ft (3 m) 
from the controller as shown in Figure 7.27. Separate overcurrent protection for the 


WALL 


DISCONNECTING 
MEANS CAPABLE 
OF BEING LOCKED 
IN OPEN POSITION 


MOTOR AND 
MACHINE 


MOTOR 
CONTROLLER 


Figure 7.26 The single disconnect is capable of being locked in the open position and is in sight from the con- 
troller, but not in sight from the motor. 
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60-AMPERE INVERSE TIME 


ye CIRCUIT BREAKER CONTROLLER 
UL 
LL) 
LL) 
( 3-PHASE 
a— 230-VOLT 
DESIGN B 
l 
START-STOP MINIMUM SIZE COPPER 
STATION CONTROL-CIRCUIT WIRES? 


Figure 7.27. Determine the minimum size class 1 copper control-circuit conductors to the start-stop station 
where the motor circuit is protected with a 60-ampere inverse-time circuit breaker. 


control circuit is not provided and the 60-ampere circuit breaker is the only protec- 
tion for the control circuit. This is permitted provided the copper control-circuit 
wires with 75°C insulation and terminations are not smaller than size: 

A. 18AWG. C. 14AWG. E. 10AWG. 

B. 16AWG. D. 12AWG. 


Codereference 
11. An air-conditioning unit is located on the roof of a commercial building. The dis- 
connecting means for the equipment is: 
A. permitted to be a switch capable of being locked in the open position and located 
not in sight of the equipment. 
B. required to be located within sight of the equipment and readily accessible from 
the equipment. 
C. is required to be capable of being locked in the open position even when located 
within sight of the equipment. 
D. not permitted to be attached to the outside of the air-conditioning equipment. 
not permitted to be installed within the air-conditioner enclosure. 


m 


Codereference 
12. A wound-rotor motor circuit is installed with a resistor bank separate from the controller 
as shown in Figure 7.28. For this application, the resistors may be in the circuit during 
normal operation and not just motor starting. The insulation temperature rating for the 
conductors between the controller and the resistor bank is required to be not less than: 
A. 75°C. C.. 105°C. E. 200°C. 
B. 90°C. D. 150°C. 


Codereference 

13. A 125-volt room air conditioner is permitted to be supplied by a 15- or 20-ampere, 

125-volt general lighting branch-circuit in a dwelling if the air-conditioner load is not: 
more than 50% of the rating of the branch-circuit. 
more than 80% of the rating of the branch-circuit. 
large enough to overload the branch-circuit. 
more than 12 amperes. 
sharing the circuit with general-use receptacles. 


MOOD> 


Code reference 
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RESISTOR 
BANK 


<— CONDUCTOR INSULATION 
TEMPERATURE RATING? 


| | CONTROLLER 
2 
DISCONNECT T 


WOUND-ROTOR 
-—1 | MOTOR 


MAIN CIRCUIT 
CONDUCTORS 


MAIN CIRCUIT CONDUCTORS 
AND SECONDARY CONDUCTORS 


Figure7.28 The wound-rotor motor circuit has a resistor bank separate from the controller. Determine the min- 
imum temperature rating of the conductors from the controller to the resistor bank. 


14. A 3-phase bank of capacitors is installed on an electrical system for power factor 
correction. The nameplate full-load current of the capacitor bank is 50 amperes. The 
minimum size copper conductors with 75°C terminations permitted to connect to the 
capacitor bank is: 

A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Codereference 
15. The main disconnecting means that is separate from the control panel for a center 

pivot irrigation machine, as illustrated in Figure 7.29, is required to be located: 

A. not more than 10 ft (3 m) from the center pivot point of the machine. 

B. atany distance from the center pivot point provided the disconnect is capable of 
being locked in the open position. 

C. where it will not be exposed to falling water. 

D. at any distance from the center pivot point of the machine provided it is in direct 
line of sight of the center pivot point. 

E. within 50 ft(15 m) of the machine and capable of being locked in the open position. 


Code reference 


a 


al 


MAIN DISCONNECT IRRIGATION MACHINE 
PIVOT POINT 


Figure 7.29 Whatis the requirement for the location of the main disconnect for a center pivot irrigation machine 
operating at 460 volts. 
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WORKSHEET NO. 7— ADVANCED 
MOTOR-CIRCUIT WIRING 


Mark the single answer that most accurately completes the statement based upon the 
2008 Code. Also provide, where indicated, the Code reference that gives the answer or 
indicates where the answer is found, as well as the Code reference where the answer is 
found. 


1. A 75-horsepower, 3-phase, 460-volt design B squirrel-cage induction motor has a 
service factor of 1.15 and a nameplate full-load current of 92 amperes. The motor 
current to be used to determine the minimum size branch-circuit conductor is: 

A. 92 amperes. C. 104 amperes. E. 130 amperes. 
B. 96 amperes. D. 110 amperes. 


Codereference 
2. A 15-horsepower, 3-phase, 230-volt design B squirrel-cage induction motor has a 
service factor of 1.15 and a nameplate full-load current of 39 amperes. If the branch- 
circuit conductors are copper with 75°C insulation and terminations, the minimum 
size conductor permitted is: 
A. 10AWG. C. 6AWG. E. 3AWG. 
B. 8AWG. D. 4AWG. 


Codereference. 

3. A 25-horsepower, 3-phase, 460-volt design B squirrel-cage induction motor has a 

service factor of 1.15 and a nameplate full-load current of 30 amperes. The branch- 

circuit conductors are size 8 AWG copper with 75°C insulation and terminations. 

The overload sensing elements in the controller are set at not more than 38 amperes. 

The motor circuit illustrated in Figure 7.30 is powering an easy starting load. If the 

motor branch-circuit is protected from short circuits and ground faults by time-delay 

fuses, the maximum standard rating permitted is: 

A. 35 amperes. C. 45 amperes. E. 60 amperes. 

B. 40 amperes. D. 50 amperes. 


Code reference 


| DISCONNECT CONTROLLER 
| SIZE 8 AWG COPPER 


25 HP 3-PHASE 
a 460 V 30A 
i DESIGNB SF 1.15 


7 


TIME-DELAY OVERLOAD SET 
FUSE AT 38-AMPERE 
MAXIMUM SIZE? MAXIMUM 


Figure 7.30 Determine the maximum rating of the time-delay fuse permitted for branch-circuit short-circuit 
and ground-fault protection of the 25-horsepower, 3-phase, 460-volt motor. 
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edi 10HP —-1-PHASE 
ni cS ietia 230V = 46A 
CONTROLLER SF 1.0 
} 
ata tw e 
ot 100-AMPERE | © 
INVERSE-TIME 
CIRCUIT BREAKER 
MAXIMUM 
OVERLOAD 
SETTING? 


Figure 7.31 Determine the maximum setting in amperes for the running overload protection for a 10-horsepower, 
single-phase, 230-volt motor with a service factor of 1.0. 


4. A flexible cord attachment plug not horsepower-rated and receptacle are permitted 
to be used as the disconnect for a portable electric motor that is: 

single-phase, 115 volts, rated not over 1/2 horsepower. 

3-phase, 460 volts, rated not over 1 horsepower. 

3-phase, 208 volts, rated not over 1/2 horsepower. 

3-phase, 230 volts, rated not over 3/4 horsepower. 

3-phase, 230 volts, rated not over 1/3 horsepower. 


mOO@> 


Codereference. 
5. A 10-horsepower, single-phase, 230-volt, squirrel-cage induction motor has a ser- 
vice factor of 1.0 and a nameplate full-load current of 46 amperes. The branch- 
circuit conductors are size 6 AWG copper with 75°C insulation and terminations. 
The short-circuit and ground-fault protection for the branch-circuit is provided by a 
100-ampere rated inverse-time circuit breaker as illustrated in Figure 7.31. The max- 
imum current setting permitted for the running overload protection of this motor is: 
A. 40 amperes. C. 53 amperes. E. 63 amperes. 
B. 46 amperes. D. 58 amperes. 


Codereference 

6. A thermal protector is integral with a 71/2-horsepower, 230-volt, single-phase, squirrel- 

cage motor to act as the running overload protection. The nameplate full-load current 

is 40 amperes, and the service factor is 1.15. The circuit is shown in Figure 7.32. If an 

inverse-time circuit breaker is used as the controller for the motor, the maximum stan- 

dard rating permitted is: 

A. 50 amperes. C. 80 amperes. E. 100 amperes. 

B. 70 amperes. D. 90 amperes. 


Code reference 


THERMAL PROTECTOR | 72HP 1-PHASE 


FOR OVERLOADS oe, 

il : 
ui N 
il e oO 

\ 

\ 

CONTROLLER IS | | 
INVERSE-TIME 


CIRCUIT BREAKER 
MAXIMUM RATING? 


Figure 7.32 Determinethe maximum rating permitted for a circuit breaker to act as a controller and disconnect 
for a thermally protected 71/2-horsepower, single-phase, 230-volt motor. 
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7. A 3-phase, 230-volt, 10-horsepower, design B, squirrel-cage induction motor is sup- 
plied with size 8 AWG copper conductors with 75°C insulation and terminations. 
The nameplate full-load current is 28 amperes and the service factor is 1.15. The 
branch-circuit is tapped from a feeder to a combination disconnect/motor controller 
containing a 200-ampere rated instantaneous-trip circuit breaker as the short-circuit 
and ground-fault protection. A short section of Liquidtight Flexible Nonmetallic 
Conduit is installed in the raceway between the controller and the motor to prevent 
transmission of vibration as shown in Figure 7.33 and a copper equipment ground- 
ing conductor is run from a grounding lug on the controller enclosure to a ground- 
ing lug in the motor terminal housing. The minimum size equipment grounding con- 
ductor permitted is: 

A. 14AWG. C. 10AWG. E. 6AWG. 
B. 12AWG. D. 8AWG. 


Codereference. 

8. A 3-phase, 460-volt, 40-horsepower continuous-duty wound-rotor induction motor 

has a nameplate primary full-load current of 45.5 amperes and a nameplate second- 

ary full-load current of 82 amperes. There is a resistor bank remote from the con- 

troller, as shown in Figure 7.34, and is classified as heavy-starting duty. The motor 

has a temperature rise of 40°C marked on the nameplate. All circuit conductors are 

copper with 75°C insulation and terminations. The minimum size secondary con- 

ductors permitted between the motor and the controller is: 

A. 6AWG. C. 3AWG. E. 1AWG. 

B. 4AWG. D. 2AWG. 


Code reference 


9, A controller for an electric motor is within sight of a circuit breaker panel where a cir- 
cuit breaker acts as the disconnect for the controller. The electric motor and machine 
are not located in sight from the controller or the disconnect for the controller. Due to 


7~ FEEDER 


«—— TAP 


200-AMPERE INSTANTANEOUS 


TRIP CIRCUIT BREAKER 10 HP 3-PHASE 
ee are ) COPPER 230 V 28 A 
SIZE 8 AWG DESIGN B SF 1.15 
CONDUCTORS 


CONTROLLER ——__, 


a 


UO | 
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CONDUIT j 


EQUIPMENT GROUNDING 
CONDUCTOR SIZE? 


Figure 7.33 Determine the minimum size permitted for a copper equipment grounding conductor installed 
between a controller and a motor when the instantaneous-trip circuit breaker has a 200-ampere rating. 
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40 HP 460 V 45.5A 
SECONDARY 82 A 
TEMP. RISE 40°C 
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6 } CONDUCTORS CONTINUOUS DUTY 
BRANCH-CIRCUIT = / 
CONDUCTORS / 
MINIMUM SIZE 


SECONDARY CONDUCTORS? 


Figure 7.34 Determine the minimum size permitted for the secondary conductors between a wound-rotor motor 
and the controller where the secondary current is listed on the motor nameplate as 82 amperes. 


the nature of the machine, power is supplied to the motor with a Type SO flexible 
cord. An acceptable disconnect for the motor and machine is: 
A. adisconnect switch located on the machine next to the motor. 
B. alock on the door of the circuit breaker panel where the controller disconnect 
is located. 
C. aremovable locking mechanism for the circuit breaker acting as the controller 
disconnect. 
D. apermanently installed locking mechanism for the circuit breaker acting as the 
controller disconnect where another disconnect within sight would be practical. 
E. an attachment plug and connector installed in the cord within 3 ft (900 mm) of 
the motor. 
Codereference. 
10. A 3-phase bank of capacitors is installed at a main service to a building to provide 
power factor correction. The rating of the capacitor bank is 55 kVAR, at 480 volts, 
60 hertz. A fusible switch is provided as the disconnect and overcurrent protection 
for the conductors and the capacitors. If all conductors are copper with 75°C rated 
insulation and terminations, the minimum size permitted for this capacitor bank is: 
A. 6AWG. C. 3AWG. E. 1AWG. 
B. 4AWG. D. 2AWG. 


Codereference 

11. A ladder diagram is shown for a start-stop station operating a magnetic motor starter 

in Figure 7.35 on the next page. The control circuit is supplied from a transformer in 

the motor controller enclosure with a 120-volt secondary that has one conductor 

grounded. The Code violation for the control circuit is that: 

A. apilot light is required to be installed in parallel with the solenoid coil. 

B. an accidental ground fault can energize the coil and operate the motor. 

C. control circuits are required to be operated at motor line voltage. 

D. amanual disconnect switch is required to be installed in series with the start- 

stop station. 
E. one conductor is not permitted to be grounded. 


Code reference 
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CONTACT 


Figure 7.35 Find the Code violation in the way this control circuit of an electric motor is connected. 


12. A refrigeration motor compressor is rated 208-volt, 3-phase, and has a branch- 
circuit selection current of 32 amperes. If the branch-circuit conductors are copper 
with 75°C insulation and terminations, the minimum size permitted is: 

A. 10AWG. C. 6AWG. E. 3AWG. 
B. 8AWG. D. 4AWG. 


Codereference. 

13. A center pivot irrigation machine is operated with twelve design B, 3/4-horsepower, 

460-volt, 3-phase, squirrel-cage motors located on towers along the machine. The 

motors operate drive wheels that propel the machine in a circle around the center 

pivot point. These drive motors are tapped to a branch-circuit conductor that runs the 

entire length of the machine. The equivalent continuous-current rating for the selec- 

tion of branch-circuit conductors for this machine is: 

A. 12.6 amperes. D. 19.6 amperes. 

B. 15.8 amperes. E. 24.0 amperes. 

C. 19.2 amperes. 


Codereference 

14. Inan industrial installation with a trained and documented qualified maintenance staff 

on duty at all times, if an automatic shutdown of a motor in a system due to an over- 

load would create a safety hazard greater than continued operation of a motor, it is: 

A. permitted to connect the overload sensing devices to a supervised alarm. 

B. permitted to eliminate motor overload relays from the control system. 

C. required to supply all motors of the system with an ungrounded electrical 

supply. 

D. permitted to eliminate motor overload relays if all motors are double insulated. 
required to ground all metal equipment in reach of personnel with an insulated 
copper equipment grounding conductor. 


m 


Code reference 
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15. A single-phase, 240-volt feeder consisting of size 2 AWG copper conductors with 
75°C insulation and terminations supplies four induction motors rated one at 71/2 
horsepower, one at 5 horsepower, one at 3 horsepower, and one at 2 horsepower as 
shown in Figure 7.36. Each motor has a service factor of 1.15. The branch-circuit 
short-circuit and ground-fault protection for each motor is provided with time-delay 
fuses and the fuse ratings for each motor circuit is 70 amperes for the 71/2-horsepower 
motor, 50 amperes for the 5-horsepower motor, 30 for the 3-horsepower motor, and 
25 amperes for the 2-horsepower motor. If a circuit breaker is used as the short- 
circuit and ground-fault protection for the feeder, the maximum standard rating 


permitted is: 
A. 90 amperes. D. 125 amperes. 
B. 100 amperes. E. 150 amperes. 


C. 110 amperes. 
Code reference 


TIME-DELAY FUSE RATINGS 
SIZE 2 AWG 


COPPER 70 50 30 25 


AMPERES AMPERES AMPERES AMPERES 
; & 
va | 


COMBINATION 


DISCONNECT ——_, 
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7'/2 HP 5HP 3HP  2HP 
SINGLE-PHASE 230 VOLTS 


feo 
[eo 


feo 


Figure7.36 Determine the maximum rating permitted for the feeder overcurrent protection supplying a single- 
phase, 230-volt, 71/2-, 5-, 3-, and 2-horsepower motors. 
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UNIT 8 


Transformers 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* define insulating transformer and autotransformer. 


* determine the voltage of a transformer winding if turns ratio and the other winding volt- 
age are given. 


¢ determine the full-load current of a transformer winding if the voltage and kilovolt- 
amperes of the transformer are given for single-phase or 3-phase transformers. 


* determine the minimum permitted kilovolt-amperes required for a specific application. 


* draw the proper connections of the windings of a dual-voltage single-phase transformer 
for the desired voltage. 


¢ explain the purpose of the taps on the primary winding of some transformers. 
¢ state a specific example of the use of a boost and buck transformer. 
* determine the maximum permitted overcurrent protection for a specific transformer. 


* determine the minimum permitted primary and secondary conductors for a specific 
transformer application. 


* determine the maximum distance permitted from a feeder tap to the transformer over- 
current protection. 


¢ determine the maximum permitted input overcurrent protection for a boost or buck 
transformer application. 


* explain how to ground the transformer and the secondary electrical system of the 
transformer. 


* answer wiring installation questions relating to Article 450. 


¢ state a significant change that occurred in Code Article 450 from the 2005 to the 2008 
edition. 


CODE DISCUSSION 


Article 450 deals with transformers and transformer vaults. NEC® 450.1 gives the exceptions for trans- 
formers that are covered in other sections of the Code. NEC® 450.3 deals with overcurrent protection of trans- 
formers. Some specific rules for autotransformer overcurrent protection are covered in 450.4. The remainder 
of Part! of this article covers general installation requirements. Partll covers requirements for specific types 
of transformers. Part III deals with transformer vaults that are enclosures of specific construction for the pur- 
pose of housing transformers and other equipment such as switchboards and panelboards. 

Article 450 of the Code applies only to the transformer itself, and not to the conductors leading to or away 
from the transformer. The branch-circuit, feeder, and tap conductors must be protected according to the rules of 
Article 240. Grounding must be accomplished according to the rules of Article 250. H ere are Code sections help- 
ful in working transformer circuit problems: 240.4(F ), 240.21(B)(3), 240.21(C), 250.30, 250.104(D), 408.36(B), 
430.72(C), 600.21, 600.23, 600.31, 600.32, 680.23(A), 725.41(A)(1), 725.121(A)(1), and 725.124. These are in 
addition to information found in Article 450. 


271 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


272 ~Unit 8 


TRANSFORMER FUNDAMENTALS 


The purpose of a transformer is to change electrical voltage to a different value. For example, a large 
480-volt, 3-phase motor is powering a well pump. The motor is in a building, and one 120-volt circuit for a 
few lights and a receptacle outlet is needed. A transformer is used to lower the voltage from 480 to 120 for 
the lighting circuit. The controls for furnaces and air-conditioning units are often operated at 24 volts. A 
small transformer inside the equipment lowers the line voltage to 24 volts for the control circuit. 
Transformers are frequently used inside electronic equipment. 


Types of Transformers 


Transformers are of the dry type or oil-filled. Two to five percent of the electrical energy is lost in a 
transformer, mostly due to the resistance of the windings. Large transformers circulate oil through the wind- 
ings to remove the heat. Dry transformers use air for cooling. Heat is moved from the windings to the case 
by conduction in smaller sizes of the dry type. Large dry-type transformers actually allow air to circulate 
through the windings. Oil-cooled transformers are used by the electric utility and for industrial or large com- 
mercial applications. 

Common two-winding transformers are often called insulating transformers. The primary winding and 
the secondary winding are separate from each other, and they are not electrically connected. An autotrans- 
former has the windings interconnected so that the primary and the secondary share the same winding. These 
transformers, therefore, have an electrically connected primary and secondary. A major advantage of the 
autotransformer over the insulating type is its lighter weight and compact size. An insulating transformer and 
an autotransformer are compared in Figure 8.1. A common application of an autotransformer is for electric 
discharge lighting ballasts. 

A special type of autotransformer called a grounding autotransformer, or zig-zag transformer, is occa- 
sionally used to create a neutral wire or a ground for an ungrounded 480-volt 3-phase electrical system. 
These transformers are found occasionally in industrial wiring. The name zig-zag is derived from the shape 
of the schematic diagram. Standard insulating transformers can be used to make a zig-zag transformer. The 
wiring of these transformers is covered in 450.5. 


Voltage and Turns Ratio 


The input winding to a transformer is called the primary winding. The output winding is called the sec- 
ondary winding. If there are more turns of wire on the primary winding than on the secondary winding, the 
output voltage will be lower than the input voltage. 

It is important to know the ratio of the number of turns of wire on the primary winding as compared 
with the secondary winding. This is called the turns ratio of the transformer. The actual number of turns is 
not important, just the turns ratio. The turns ratio of a transformer can be determined with Equation 8.1 if 
the actual number of turns on the transformer windings is known. 

Number of Turns on the Primary 


Turns Ratio= ——————————————=— Eq. 8.1 
Number of Turns on the Secondary 


The step-down transformer of Figure 8.2 has 14 turns on the primary winding and 7 turns on the 
secondary winding; therefore, the turns ratio is 2 to 1, or just 2. The step-up transformer has 7 turns on the 


= 


INSULATING AUTOTRANSFORMER 
TRANSFORMER 


Figure 8.1 Two basic types of transformers are the insulating transformer and the autotransformer. 
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STEP-DOWN STEP-UP 
TRANSFORMER TRANSFORMER 
PRIMARY SECONDARY PRIMARY SECONDARY 
240 VOLTS 120 VOLTS 120 VOLTS 240 VOLTS 
TURNS RATIO = 2 TURNS RATIO = 0.5 


Figure 8.2 Schematic diagrams of step-down and step-up transformers. 


primary and 14 on the secondary; therefore, the turns ratio is 1 to 2, or 0.5. If the voltage of one winding and 
the turns ratio are known, the voltage of the other winding can be determined using either Equation 8.2 or 


Equation 8.3. 
Primary voltage = Secondary Voltage < Turns Ratio Eq. 8.2 
Secondary Voltage = rem ary Voltage Eq. 8.3 
Turns Ratio 


Transformer Ratings 


Transformers are rated in volt-amperes (VA) or kilovolt-amperes (kVA ). This means that the primary 
winding and the secondary winding are designed to withstand the VA or kVA ratings stamped on the trans- 
former nameplate. The primary and secondary full-load current usually are not given. The installer must be 
able to calculate the primary and secondary full-load current from the nameplate information. If the volt- 
ampere rating is given along with the primary voltage, then the primary full-load current can be determined 
using Equation 8.4 or Equation 8.5 for the case of a single-phase transformer. Equation 8.6 is used for deter- 
mining the full-load current of either the primary or the secondary winding of a 3-phase transformer. 


Single-phase: 
Full-L oad C urrent = a Eq. 8.4 
Voltage 
Full-L oad C urrent = soa Eq. 8.5 
Voltage 
Three-phase: 
Full-Load Current = KYA x 1000 Eq. 8.6 
1.73 X< Volts 


An example will help to show how the previous equations are used to determine the full-load current 
of a transformer winding. It may be a good idea to write Equations 8.5 and 8.6 into a copy of the Code for 
easy reference when making transformer installations. 


Example 8.1 A single-phase transformer is connected for a 480-volt primary and a 120-volt 
secondary. The transformer has a rating of 2 kVA. Determine the primary winding and the secondary 
winding full-load current of the transformer. 


Answer: This is asingle-phase transformer rated in kilovolt-amperes; therefore, Equation 8.5 is used 
to determine the full-load current for both windings. The full-load current of the primary winding of 
the transformer is 4.17 amperes, and for the secondary winding, the full-load current is 16.67 amperes. 
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Primary Full-Load Current = ESL =417A 
480 V 
Secondary Full-Load Current = Se =16.67A 


Connecting Transformer Windings 


Transformer wiring diagrams are printed on the transformer nameplate, which may be affixed to the 
outside of the transformer or printed inside the cover to the wiring compartments. The lead wires or termi- 
nals are marked with Xs and Hs. The Hs are the primary leads, and the Xs are the secondary leads. 

Some transformers have two primary and two secondary windings so they can be used for several 
applications. These are called dual-voltage transformers. Connections must be made correctly with dual- 
voltage transformers. If connected improperly, it is possible to create a short-circuit that will usually dam- 
age or destroy the transformer when it is energized. 

Consider a dual-voltage transformer rated 240/480 volts on the primary and 120/240 volts on the sec- 
ondary. Each of the two primary windings is, therefore, rated 240 volts. Each secondary winding is rated 
120 volts. The transformer must be connected so each primary winding receives the proper voltage. Figure 8.3 
shows the transformer with the primary windings connected in series with H1 and H4 connected to a 480-volt 
supply. The voltage across H1 and H2 is 240, and the voltage across H3 and H4 is 240. Each winding is 
receiving the proper voltage. With each primary winding receiving the proper 240 volts, each secondary 
winding will have an output of 120 volts. Connecting the secondary windings in series produces 240 volts 
across X 1 and X4. 

Next, consider a case where the primary voltage available is 480, but the desired output is 120 volts, 
single-phase. In this case, the primary windings are connected in series, while the secondary windings are 
connected in parallel, as shown in Figure 8.4. 


Three-Phase Transformers 


Changing the voltage of a 3-phase system can be done with a 3-phase transformer, or it can be done with 
single-phase transformers. Three-phase transformers are generally designed and constructed for specific volt- 
ages. For example, a transformer may have a 480-volt delta primary and a 208/120-volt wye secondary. 

The 3-phase transformer has one core with three sets of windings. A primary and secondary winding 
are placed one on top of the other on each of the three legs of the core. Single-phase transformers can be 
used to form a 3-phase transformer bank. It is important that single-phase transformers are identical when 
connecting them to form a 3-phase system. They should be identical in voltage, kilovolt-amperes, imped- 
ance, manufacturer, and model number. Transformer impedance is the combined effect of resistance and 
inductance and is given in percent. 

Connecting single-phase transformers to form a 3-phase bank must be done with extreme caution. 
The windings can only be connected in a certain way. Reversing a winding can damage the transformer. 
Figure 8.5 shows three individual single-phase transformers connected to step down from 480 volts delta 


H1 
, ,° x1 
°F 
-o 120 | 
VOLTS kia X3_ VOLTS 
480 4 
VOLTS “4 4 VOLTS 
H2 
240 X2 120 
VOLTS VOLTS 
‘ v 
Y ¥ e X4 
H4 
PRIMARY SECONDARY 
240/480 VOLTS 120/240 VOLTS 


Figure 8.3 The windings are connected in series to obtain the higher of the rated transformer voltages. 
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H1 
rn ° x1 
@ 
X3 
480 HS 120 
VOLTS VOLTS 
H2 X2 
= 
A e x4 
H4 
PRIMARY SECONDARY 
240/480 VOLTS 120/240 VOLTS 


Figure 8.4 The secondary windings are connected in parallel for an output of 120 volts. 


H4 X14 


C H4 H3 H2 H1 X4 X3 X2 X11 B 
PRIMARY, 480 VOLTS SECONDARY, 240 VOLTS 


>wo 


Figure 8.5 Dual-voltage single-phase transformers with 240/480-volt primary windings and 120/240-volt 
secondary windings are shown connected to form a 480-volt delta to a 240-volt delta 3-phase step-down trans- 
former bank. 


to 240 volts delta. It may be advisable to obtain a 3-phase transformer rather than connecting single-phase 
transformers. To illustrate the complexity, standard dual-voltage single-phase transformers are used to 
change 480-volt 3-phase delta to 208/120-volt wye, as shown in Figure 8.6. 


Winding Taps 


Transformers, except for small sizes, are often supplied with winding taps to compensate for abnor- 
mally low or high primary voltage. Assume, for example, that a transformer is rated 480 volts primary and 
240 volts secondary. This means that 240 volts will be the output if the input is 480 volts. But what if the 
input is only 444 volts? The turns ratio for this transformer is 2-to-1; therefore, the output will be 222 volts. 
Equation 8.3 is used to determine the output, which would be 222 volts. 


Secondary Voltage = ae = 222 Volts 
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Cc H4 H3 H2 H1 
PRIMARY, 480 VOLTS SECONDARY, 208/120 VOLTS 


Figure 8.6 Dual-voltage single-phase transformers with 240/480-volt primary windings and 120/240-volt sec- 
ondary windings are shown connected to form a 480-volt delta to a 208/120-volt wye 3-phase step-down trans- 
former bank. 


To get an output of 240 volts with an input of only 444 volts, the turns ratio will have to be changed to 
1.85-to-1. The 1.85 was determined by dividing the 444 volts by 240 volts. The purpose of the tap connec- 
tions, usually on the primary, is to easily change the transformer turns ratio. A typical single-phase transformer 
nameplate with primary taps is shown in Figure 8.7. 

Consider an example in which the desired output voltage from a single-phase step-down transformer 
is 120/240 volts, but the available input is only 450 volts rather than 480 volts. A standard step-down trans- 
former with a 2-to-1 turns ratio will give an output of 112.5/225 volts with a 450-volt input. By changing the 
primary taps, as shown in Figure 8.8, the turns ratio of the transformer is changed, and the output is now 
close to the desired 120/240 volts. 


TRANSFORMER 
ONE PHASE DRY TYPE 


KVA %Z |_6.4 H.V. | 240/480 
INS. CLASS |_ 155 HZ 60 L.V. [120/240 


H1 H2 
SERIES H.V. 
CONNECT] VOLTS 7|5)3}1 2/416/8 


1-2 


PARALLEL H.V. -3 
CONNECT | VOLTS - x4 x2 x3 x1 


X1 X3 X2 X4 


120/240 [x x3 x2 X4 | 


Figure 8.7 Transformer nameplate showing primary taps. 
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INPUT 
CONNECT PRIMARY <—— 450 VOLTS ——> 
TAP NO. 5 TO TAP 
NO. 6 
[ SERIES HV. | 


CONNECT VOLTS 


504 
492 
480 
468 
456 

‘84 450 VOLTS 
432 


NOOR WOOD = 
orton won 


120 120 
VOLTS VOLTS 


Figure 8.8 Single-phase transformer showing tap connection for an input of 450 volts and a 3-wire, 120/240-volt 
output. 


Winding taps each make a 2.5% change in the voltage. A transformer will often have two taps above 
normal voltage and four taps below normal voltage. A transformer usually comes preconnected for normal 
voltage. If an abnormal voltage is present, it is up to the installer to change the tap connections. 


Input and Output Current 


The primary kilovolt-amperes (kVA ) of a transformer will be equal to the secondary kVA less any small 
losses. If the primary voltage is reduced from 240 to 120 volts, this is a voltage ratio reduction of 2-to-1. If 
the primary and secondary kVA are to remain equal, the current must be higher on the secondary than on the 
primary by a factor of two. For example, assume the 240-volt primary current of the previous transformer is 
5 amperes. The primary volt-amperes will be 1200 VA. For the 120-volt secondary, 10 amperes must flow to 
keep the volt-amperes at 1200 VA. If the primary and secondary voltages are known and if either the primary 
or secondary current is known, the other current may be determined using Equation 8.7 or Equation 8.8. These 
are useful equations especially when working with autotransformers. 


Find primary input current when secondary output current is known: 


Input Current = Output Current x put Nottege Eq. 8.7 


Input Voltage 


Find secondary output current when primary input current is known: 


Output Current = Input Current x — snpUbY OREOe Eq. 8&8 


Output Voltage 


Boost and Buck Transformers 


A boost and buck transformer is an insulating transformer that can be connected as an autotransformer. 
The boost and buck transformer is used to make small adjustments in voltage, either up or down. For exam- 
ple, a machine has an electric motor that requires 208 volts, but the electrical supply is 240 volts. If order- 
ing the machine with a 240-volt motor is expensive, a less costly solution to the problem may be to buck the 
voltage from 240 down to 208 with a boost and buck transformer. 

Low voltage resulting from voltage drop can be corrected with a boost and buck transformer. This 
practice may not be energy-efficient, but it may be the best solution in unusual circumstances. Voltage drop 
on wires is wasted energy and should be avoided. 

Boost and buck transformers for single-phase applications have a dual-voltage primary rated 
120/240 volts. There is a choice of two sets of secondary voltages depending on the amount of boosting 
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104 VOLTS 13.9 VOLTS 
X3 
H3 
INPUT, 208 VOLTS 
X2 
104 VOLTS 13.9 VOLTS 
v x4" A 
H4 OUTPUT, a VOLTS 


Figure 8.9 A boost and buck transformer is connected to boost a 208-volt supply to approximately 236 volts. 


or bucking required: 12/24 volts and 16/32 volts. Three-phase applications from 380 to 500 volts require 
the use of a boost and buck transformer with a 240/480-volt primary and a 24/48-volt secondary. Figure 8.9 
shows a single-phase boost and buck transformer connected to boost 208 volts to approximately 240 volts. 
Refer to manufacturer literature for other combinations of boosting and bucking. 

Boost and buck transformers may be connected for 3-phase applications, but all 3- phase combinations 
are not possible. The commonly used 3-phase boost and buck transformer connections are: 


* Wye (4-wire) to wye (3- or 4-wire) 
* Wye (3- or 4-wire) to open delta (3-wire) 
* Delta (3-wire) to open delta (3-wire) 


A confusing aspect of boost and buck transformers is the kVA rating of the transformer required to 
supply a load. For some applications, the kVA rating of the load may be several times larger than the kVA 
rating of the boost and buck transformer. A boost and buck transformer, when used as an autotransformer for 
boosting or bucking, can supply a load several times the kVA rating of the transformer. The maximum kVA 
rating of the load supplied depends on the full-load current rating of the transformer secondary winding and 
the operating voltage of the load. Each manufacturer supplies load current and kVA data for boost and buck 
transformers for all combinations of input and output voltages. 


K-Rated Transformers 


The K -rating marked on some transformers is an indication of the ability of the transformers to supply 
loads, which produce harmonic currents. A transformer designated K -1 is one that has not been modified to 
supply loads that produce nonlinear or harmonic currents. Standard transformer ratings are K -4, K-9, K-13, 
K-20, K-30, K-40, and K-50. The higher the K -rating number, the greater is the ability of the transformer to 
supply loads that have a higher percentage of harmonic current-producing equipment without overheating. 
It is most important to select a transformer with a K -rating for the specific harmonic frequencies present and 
their magnitude in relation to the total 60-hertz current. A number that is probably of little use when select- 
ing transformer K -rating is the percent of total harmonic distortion (THD). Another value that can give an 
indication that harmonics are present but is of little use in determining proper transformer K -rating is the 
value of root-mean-square (rms) current. W hen viewed on an oscilloscope, the current sine wave will distort 
when large numbers and significant levels of harmonic currents are present. This will usually result in an 
increase in the rms line current. Transformer overheating due to harmonics is primarily the effect of specific 
frequencies of harmonics and their magnitudes. 

Electronic equipment that draws current for only a portion of the cycle is the type that produces har- 
monic currents in the electrical system. Electronic dimmer switches and some other electronic controllers 
switch on for only a portion of the cycle. As a result, current flows to the loads in pulses. Other electronic 
equipment that produces nonlinear currents includes personal computers, video display terminals, copiers, 
fax machines, uninterruptible power supplies (UPS), variable speed drives, electronic high-efficiency bal- 
lasts, some medical electronic monitors, welders, mainframe computers, data processing equipment, and 
induction heating systems. M ost electronic office equipment has switching-mode power supplies (SM PS) 
that draw current in pulses for only part of the cycle. These pulsing input currents produce harmonic currents 
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in the electrical system. These harmonic currents can result in overheating of a transformer and other distri- 
bution equipment and wiring. 

One way of dealing with loads that consist of a high percentage of harmonic-producing electronic 
equipment is to oversize the transformer for the load. But a transformer designed to supply 60-hertz loads 
does not perform the same when currents are at a higher frequency than 60 hertz. Core saturation can occur 
when a standard transformer is subjected to loads with a high percentage of harmonic currents. This can 
occur even when the transformer is supplying less than rated full-load current. Transformer heating is dif- 
ferent for a given level of rms current at a different frequency. 

There are industry recommendations for transformer K -ratings for particular loads. Dealing with loads 
that produce harmonic currents is sometimes complex, and even these K -rating recommendations may not 
be correct for all applications. A harmonic analysis may be necessary in some cases with the transformer 
specifically matched to the load. Here are some general recommendations for matching transformers to 


loads: 
¢ Use nonrated K -| transformers when the loads producing harmonic currents are less than 15% of the 
° fet en transformers when the loads producing harmonic currents are 15 to 35% _ of the total 
° ieee rated transformers when the loads producing harmonic currents are 35 to 75% of the total 
° UseK 20 rated transformers when the loads producing harmonic currents are 75 to 100% of the total 
oad. 


¢ Use K-30 and higher rated transformers for specific equipment where the load and transformer are 
matched for harmonic characteristics. 


In the case where a transformer is supplying specific loads known to be producers of harmonic currents, 
some general guidelines can be used to help avoid transformer overheating. The transformer can be sized to the 
load kVA to be supplied when the proper K -rating is selected. Not only do different brands of the same equip- 
ment produce different harmonic currents, the identical equipment can produce different harmonic currents 
when supplied by different electrical systems. The harmonic current problem, when it exists, may be complex, 
sometimes requiring experienced personnel for analysis and design. The following is a general industry 
recommendation of approximate current K-ratings for different types of loads. Actual specifications for a 
specific installation made by an experienced engineer or technician may be different. 


* K-4 welders and induction heaters 

electric discharge lighting 

solid-state controls 
3. telecommunications equipment 
3. branch-circuits in classrooms and in health care facilities 
Q mainframe computers and data processing equipment 
-20 variable-speed drives 


On a balanced 3-phase wye electrical system, odd-numbered harmonics in multiples of the third har- 
monic (3rd, 9th, 15th, 21st, and so on) if present will not cancel and will increase the neutral current. 
Examples are the 208/120-volt and the 480/277-volt 4-wire 3-phase electrical systems serving line-to-neutral 
loads. When a 3-phase wye transformer is supplying balanced line-to-neutral loads where harmonics are 
present, it is possible for the neutral current to be as high as twice the level of line current. This can result in 
neutral conductor and conductor termination overheating. A K -rated transformer will not eliminate this type 
of problem. If the harmonic currents cannot be reduced, then it will be necessary to increase the size of the 
neutral bus and neutral conductor. 


OVERCURRENT PROTECTION FOR TRANSFORMERS 


Wiring a transformer circuit is one of the most difficult wiring tasks unless the installer understands 
transformer fundamentals. Rules for sizing overcurrent protection for a transformer operating at not more 
than 600 volts are covered in 450.3(B) and Table 450.3(B). It must be noted that these rules apply only to the 
transformer itself, and not necessarily to the input and output circuit wires. If one or both of the windings 
operate at more than 600 volts, 450.3(A) and Table 450.3(A) will apply. 
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According to Table 450.3(B), both the primary and secondary windings are permitted to be protected 
from overcurrent by one overcurrent device located on the primary side of the transformer and sized at not 
more than 125% of the transformer full-load current. If that primary overcurrent device has a rating greater 
than 125% of the transformer full-load primary current rating, then overcurrent protection not greater than 
125% of the transformer secondary full-load current rating is required to protect the transformer secondary 
winding. Both situations are explained in the following two sections. 


Overcurrent Protection Only on the Primary (600 volts or less) 


A transformer is permitted to be protected by one overcurrent device on the primary side rated not 
more than 1.25 (125%) times the primary full-load current, as shown in Figure 8.10. If the calculation does 
not correspond with a standard rating of overcurrent device as listed in 240.6, it is permitted to round up to 
the next standard fuse or circuit breaker rating. This overcurrent device may be a set of fuses in a panel board 
or fusible switch, or a circuit breaker. The secondary winding is not required to have separate protection from 
overcurrent in this situation. When the secondary of the transformer is not single-voltage 2-wire, the sec- 
ondary conductors are required to be protected according to 240.4(B), but the secondary winding is not 
required to be protected by other than the primary overcurrent device. NEC® 240.21(C)(1) applies to the sec- 
ondary conductors, and not to the winding of the transformer. Example 8.2 will show how overcurrent 
protection is selected to protect the transformer using this rule, and how overcurrent protection for the con- 
ductors must be considered separately. 


Example8.2 A 37.5-kVA 3-phase transformer is to be installed to supply a 100-ampere 208Y /120-volt 
panelboard from a 480-volt, 3-phase power panel. The conductors are copper with 75°C insulation and 
terminations. The panelboard has a 100-ampere main circuit breaker, and it is located not more than 
25 ft (7.5 m) from the transformer. The feeder and transformer are protected with time-delay fuses, and 
the feeder supplies only this transformer and panelboard. A diagram of the circuit is shown in Figure 8.10. 
Determine the maximum rating of the fuses permitted to protect the transformer when using the mini- 
mum size conductors supplying the primary of the transformer. 


Answer: First calculate the primary full-load current of the transformer and obtain 45 amperes. 


Primary full-load current = —2—————— = 45.1 amperes 


The rule is found in the first row of Table 450.3(B) for determining the maximum permitted rating of 
the primary overcurrent device. The transformer primary winding is permitted to be protected at 


MINIMUM TRANSFORMER 


CONDUCTOR SIZE? 371/2-kVA 3-PHASE 
PRI 480 VOLTS 


SEC 208Y/120 VOLTS 
PANELBOARD 
POWER PANEL SIZE 3 208Y/120-VOLT 
480-VOLT 3-PHASE AWG COPPER 3-PHASE 
<= 
Vv 
J 
| > FJ 
== 100-AMPERE —| 
MAIN = 
~< > 
MAXIMUM ae sie ee 
FUSE SIZE? aM) 


Figure 8.10 A 37.5-kVA, 3-phase, transformer supplies a 208Y /120-volt, 4-wire, 100-ampere panelboard from a 
480-volt supply. Determine the minimum copper primary conductor size and the maximum permitted rating of 
fuse protecting the transformer and circuit. 
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1.25 times the full-load current of the transformer, which is 56 amperes. This value is permitted to be 
rounded up to the next standard rating, which is 60 amperes (see Note 1). If the conductors supplying the 
transformer are protected at 60 ampere, then 240.4 requires the conductor to have an allowable ampacity 
of 60 amperes, which is size 6 AWG. But if the primary full-load current of the transformer is only 
45 amperes, it would seem more reasonable to use 50-ampere fuses and size the conductors at 8AWG. 
The maximum fuse rating permitted assuming the minimum primary conductor size is 50 amperes. 


The previous example points out the choices that can be made when sizing the overcurrent protection 
and the conductors for a transformer installation. For the previous example, the secondary full-load current 
is 104 amperes, and there is a 100-ampere overcurrent device installed on the secondary side of the trans- 
former, which meets the requirement of protecting the transformer secondary within 125% of the transformer 
secondary full-load current. What this means is that it is actually permitted to size the primary overcurrent 
protection in Example 8.2 at 250% of the primary full-load current. This calculates to be 113 amperes, which 
must be rounded down to a 110-ampere overcurrent device rating. So actually, the maximum permitted rat- 
ing of primary overcurrent protection for the transformer in Example 8.2 is 110 amperes. But this would not 
be practical since the primary conductors supplying the transformer would be required to be size 2 AWG 
when size 8 AWG is adequate to supply the load. 

When there are several different secondary windings supplying the secondary conductors, an overload 
could occur on one or more secondary conductors and go undetected by the primary overcurrent protection. 
This can be prevented by properly sized overcurrent protection installed on the secondary side of the trans- 
former. The primary overcurrent device can protect the secondary conductors, if properly sized, when the 
transformer secondary is single voltage and there are only two conductors leaving the transformer. This rule 
is found in 240.4(F), and an example is shown in Figure 8.11. The overcurrent device on the primary side of 
the transformer is required to be sized to prevent an overload on the secondary conductors. Example 8.3 
describes this process. 


Example 8.3 Consider the case of a 3-kVA transformer used to step down 480 to 120 volts to supply 
one 20-ampere single-phase 2-wire circuit. There will be no secondary overcurrent protection as shown 
in Figure 8.11. Determine the maximum permitted overcurrent device rating on the primary circuit to 
protect the transformer and the secondary circuit wires. 


Answer: First, determine the primary and secondary full-load current rating of the 3-kVA trans- 
former using Equation 8.5. 


3 kVA x 1000 


Primary Current = ——————— =6.25A 
480 V 
Secondary Current = 3KVA X 1000 _ 25A 
120V 


TABLE 450.3(B) TRANSFORMER PROTECTED ONLY ON THE PRIMARY 


NOT MORE THAN TRANSFORMER 2-WIRE, 
125% OF PRIMARY | SINGLE-VOLTAGE 
FULL-LOAD CURRENT SECONDARY 
{ 
—— = t 
SIZE OVERCURRENT 
PROTECTION TO SEE NEC ® 240.21(C)(1) 
PROTECT CONDUCTORS 


ACCORDING TO NEC® 240.6(A) 


Figure 8.11 A transformer may be protected with one overcurrent device on the primary sized at not more than 
125% of the primary full-load current. 
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Next, determine the maximum permitted overcurrent device rating for the primary using the 
rules of Table 450.3(B). The primary overcurrent device rating is not to exceed 167% of the trans- 
former primary full-load current. 


Maximum Overcurrent Device Rating =6.25A X 1.67 =10.4A 


Note 1, which permits rounding up, does not apply in this case. Therefore, it will be necessary to 
round down to a 10-ampere standard overcurrent device rating as listed in 240.6(A). Circuit breakers 
are not generally available with small ratings. Therefore, time-delay fuses will be used to protect the 
primary of the transformer. The primary circuit conductors will be size 14 AWG copper. 

The transformer is considered protected with a 10-ampere fuse on the primary, but are the con- 
ductors on the secondary side of the transformer protected? The purpose of the installation was to pro- 
vide a 20-ampere circuit at 120 volts. This requires size 12 AWG copper conductors. Use Equation 8.8 
to determine the current flow on the secondary circuit wires required to blow the 10-ampere fuses on 
the primary. 


Secondary current=10A x aN. 40A 


120V 


If 10-ampere fuses are installed on the primary, the secondary conductors will be overloaded to 
40 amperes. Use Equation 8.7 to determine the current on the primary side of the transformer when 
there is a 20-ampere current flow on the secondary. The maximum rating fuse that is permitted to be 
installed on the primary side of the transformer to prevent overloading of the secondary conductors is 
5 amperes. 


Primary current =20A x es =5A 


480V 


Primary and Secondary Overcurrent Protection (600 volts or less) 


The overcurrent device protecting the primary of a transformer is permitted to be rated as large as 2.50 
(250%) times the primary full-load current, provided the transformer secondary winding is protected. The 
transformer secondary overcurrent device rating is not permitted to be greater than 1.25 (125%) of the sec- 
ondary full-load current. Protection for both the primary and the secondary of the transformer is illustrated 
in Figure 8.12. 

This rule is very useful when a feeder is available in the area where the transformer is to be installed 
and has sufficient capacity to supply the load served by the transformer. The transformer circuit is permitted 


TABLE 450.3(B) OVERCURRENT PROTECTION RATING 
WHEN TRANSFORMER IS PROTECTED ON THE PRIMARY 
AND ON THE SECONDARY 


PRIMARY OVERCURRENT SECONDARY OVERCURRENT 
PROTECTION NOT GREATER PROTECTION NOT GREATER 
THAN 250% OF PRIMARY THAN 125% OF SECONDARY 
FULL-LOAD CURRENT FULL-LOAD CURRENT 
1 ‘ 
iT 1 
TRANSFORMER 


Figure 8.12 If the transformer is protected on the secondary with an overcurrent device rated not more than 
125% of the secondary current, the primary overcurrent device is permitted to be sized as large as 250% of the 
primary current. 
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480-VOLT SUPPLY 
oN 


<+—— SIZE 6 AWG 
100-AMPERE COPPER 


CIRCUIT BREAKER 


cuucuuuy | TRANSFORMER 
feats 25 kVA 


1-PHASE 
SIZE 3 AWG ———_> 
COPPER >)<—_}+— 100-AMPERE CIRCUIT 
a Aa BREAKER 
tT 120/240-VOLT, 1-PHASE 


PANELBOARD 


Figure 8.13 The primary overcurrent protection for a transformer is permitted to have a rating not exceeding 
2.5 times the transformer primary full-load current provided overcurrent is provided on the secondary rated not 
higher than the transformer secondary full-load current. 


to be tapped directly to the feeder and the feeder overcurrent device can serve as the transformer overcurrent 
protection provided the rating is not greater than 2.5 times the full-load current of the transformer primary. 
But the secondary winding of the transformer is now required to be provided with overcurrent protection not 
greater than 1.25 times the transformer secondary full-load current. This is illustrated in Figure 8.13 where 
a 25-kVA single-phase transformer is tapped to a 480-volt feeder protected by a 100-ampere circuit breaker. 
Example 8.4 shows how to determine the maximum rating of overcurrent protection permitted for the pri- 
mary and secondary windings of the transformer. Rules in Article 240 specify the minimum size of conduc- 
tors and the locations of overcurrent devices. Those rules will be discussed later. 


Example 8.4 A 25-kVA single-phase transformer is tapped to a 480-volt feeder protected with a 
100-ampere circuit breaker. The transformer is supplying a 120/240-volt, 3-wire panelboard with a 
100-ampere main circuit breaker. The circuit is illustrated in Figure 8.13. The total distance from the 
point of tap at the feeder, through the transformer to the 100-ampere circuit breaker in the panelboard 
is 25 ft (7.5 m). Determine the maximum rating of overcurrent device permitted to protect the primary 
and secondary of the transformer. 


Answer: First determine the full-load current of the primary winding, which is 52 amperes. 
According to Table 450.3(B), if overcurrent protection is provided on the secondary of the trans- 
former at not more than 1.25 times the secondary full-load current, the overcurrent protection on the 
primary is permitted to be increased to 2.5 times the primary full-load current, which is 130 amperes 
(52 A X 2.5 = 130A). There is no provision to round this value up to the next standard rating. 
Therefore, it is necessary to round the value down to the next standard rating as listed in 240.6, which 
is 125 amperes. The feeder is protected with a 100-ampere circuit breaker, therefore, the feeder over- 
current device is less than the maximum permitted, and can serve as the transformer primary over- 
current protection. 


Primary full-load current = ——— ~——— =52A 


Next, determine the maximum permitted rating of the secondary overcurrent protection. The second- 
ary full-load current is 104 amperes. The secondary overcurrent protection is permitted to have a 
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rating of 1.25 times the full-load secondary current of the transformer, which is 130 amperes. Note 1 
permits this value to be rounded up to the next standard rating overcurrent device as listed in 240.6, 
which is 150 amperes. Therefore, the secondary of this transformer is permitted to have an overcurrent 
device rated at 150 amperes. The panelboard has a 100-ampere main circuit breaker, which is well 
within the maximum permitted. 


Secondary full-load current = ——————— =104A 


If the overcurrent protection for the 480-volt feeder of Figure 8.13 had a rating greater than 
125 amperes, then the situation is handled as a feeder tap, 240.21(B)(3), ending in an overcurrent device sim- 
ilar to Figure 8.14. Then the overcurrent device is sized as small as practical to handle the load as was the 
case with Example 8.2. 

In the case where the primary overcurrent protection for the transformer is greater than 1.25 times 
the full-load current of the primary winding, the overcurrent protection for the secondary winding is 
permitted to consist of up to six individual overcurrent devices grouped together at the end of one set of 
feeder conductors. This is Note 2 and applies in the case of Table 450.3(A) for transformers operating at 
more than 600 volts and Table 450.3(B) for transformers operating at 600 volts or less. The sum of the 
ratings of the overcurrent devices is not permitted to total more than the rating permitted for a single 
overcurrent device. This is illustrated in Figure 8.15 with the overcurrent device ratings worked out in 
Example 8.5. 


Example 8.5 A 37.5-kVA 3-phase transformer is tapped to a 480-volt feeder and supplies three 
208-volt 3-phase motors. The individual motor branch-circuit time-delay fuse ratings are 30, 50, and 
60 amperes. Is it permitted to omit the single secondary overcurrent device and terminate the second- 
ary conductors from the transformer at the three motor circuit disconnects grouped together at one 
location? 


Answer: Note 2 of Table 450.3(B) permits this practice if the three motor circuit fuse ratings do not 
total more than the highest rated single overcurrent device permitted for the transformer. First, deter- 
mine the transformer secondary full-load current of 104 amperes. Then multiply that value by 1.25 to 
get 130 amperes (104A x 1.25 =130A). Note 1 permits this value to be rounded up to the next stan- 
dard rating which according to 240.6 is 150 amperes. The three individual motor branch-circuits total 
to 140 amperes (30A +50A +60A =140A). This is less than 150 amperes. Therefore, the installa- 
tion is permitted as shown in Figure 8.15. If the motor circuit overcurrent devices had totaled more 
than 150 amperes, then the feeder would have been required to terminate at a single overcurrent device 
rated not greater than 150 amperes. 


7 480-VOLT SUPPLY 


Le eopren TRANSFORMER 
25kVA, 1-PHASE 
200-AMPERE CIRCUIT 
BREAKER 
4 )++— 100-AMPERE 
60-AMPERE —|” Lao CIRCUIT 
Puen? SIZE3AWG |~~7,~| BREAKER 
COPPER 120/240 VOLT 
a 3-WIRE 
SIZE 6 AWG PANELBOARD 


COPPER 


Figure 8.14 If a transformer circuit is tapped to a feeder with feeder overcurrent protection rated more than 
2.5 times the transformer primary full-load current, then overcurrent protection will be required on the primary 
specifically sized for the transformer circuit. 
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480-VOLT 
SUPPLY 
(L_ 
100-AMPERE 
FUSE 


SIZE 3 AWG COPPER FEEDER 


SIZE 8 AWG COPPER 


25 FT WAL 387.5-kKVA 


SIZE 3 AWG COPPER 


DISCONNECTS 
= =%.=, -80 50 60 GROUPED 


AMPERES AMPERES“ AMPERES! 


Figure 8.15 When overcurrent protection is required on the secondary of the transformer, such as this case of a 


feeder tap, the secondary is permitted to end in up to six overcurrent devices with ratings that do not total more 
than the rating required for a single overcurrent device. 


Secondary full-load current = A IM 2 104A 
1.73 x 208V 


Boost and Buck Transformer Overcurrent Protection 


The specific transformer, winding connections, kVA rating, and maximum load current for an appli- 
cation of voltage boosting or voltage bucking are determined with information from specific boost and buck 
transformer manufacturers. These are insulating transformers connected as autotransformers. NEC® 450.4 
gives the rules for installing autotransformers. Overcurrent protection for insulating transformers (450.3) is 
based upon the full-load current of the primary and secondary windings. For an autotransformer, the over- 
current protection is based upon the full-load input current. Figure 8.16 shows a boost and buck transformer 
connected to boost 208 volts up to 236 volts to power a 3-horsepower, single-phase, 230-volt motor. The 
boost and buck transformer suitable for this application is rated 0.75 kVA, with a primary rated 120/240 volts 
and the secondary rated 16/32 volts. When connected for maximum boosting, this transformer has a rated 
full-load output current of 23.4 amperes. 

The first step in selecting the overcurrent protection for the transformer and the input and output 
conductor size is based upon Knowing the input and output current. From Table 430.248, a 3-horsepower, 
208-volt motor draws 18.7 amperes. Connected for maximum boosting, the transformer is capable of a max- 
imum continuous current of 23.4 amperes. Overcurrent protection is based upon the full-load input current. 
Using Equation 8.7, determine the input current when the motor is drawing 18.7 amperes and the maximum 
input current when the transformer is delivering an output current of 23.4 amperes. The input current will be 
21.2 amperes when the motor is operating at full-load. This transformer connection is capable of amaximum 
input current of 26.6 amperes. 


Input current =18.7A x aa =21.2A 
208 V 
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NEC ® 450.4 OVERCURRENT PROTECTION FOR 
AUTOTRANSFORMER; ALSO PROTECTS CONDUCTORS 
ACCORDING TO NEC® 240.4 AND NEC® 240.21 


MOTOR 
BOOST STARTER 
TRANSFORMER AND 
3-HORSEPOWER, 
“e DISCONNECT SINGLE-PHASE. 
FUSIBLE 236 | 230-VOLT MOTOR 
DISCONNECT VOLTS e. 
I 
cl 208 
§ | VOLTS 


Figure 8.16 A boost and buck transformer is used to boost the 208-volt supply to 236 volts for a 3-horsepower, 
single-phase motor. 


Input current =23.4A x =e =26.6A 
208 V 


It is recommended the overcurrent protection and conductors be based upon the full-load current of the 
load, which is 18.7 amperes. The full-load input current will then be 21.2 amperes. NEC® 450.4 permits the 
boost and buck transformer overcurrent protection to be rated not more than 1.25 times the full-load input 
current, which gives an overcurrent device rating of 26.5 amperes. In this case, it is permitted to round this 
value up to the next standard rating of overcurrent device listed in 240.6, which is a 30-ampere fuse or cir- 
cuit breaker in each ungrounded input conductor. Because this transformer is slightly oversized for the load, 
the maximum input overcurrent device rating could be up to 35 amperes. 

The circuit conductor size in most cases is based upon the rating of the overcurrent device. The input and 
output current are not the same. Therefore, an adjustment for voltage is necessary to properly size the conduc- 
tors. If the transformer input overcurrent protection is 30 amperes, then using Table 310.16 and 240.4(B), size 
10 AWG copper conductors are required for the input circuit to the transformer. Use Equation 8.8 to determine 
the output current that corresponds to an input current of 30 amperes. This value will be 26.4 amperes. U sing 
Table 310.16, this also is a size 10 AWG copper conductor if insulation and terminations are assumed to be 
rated 75 °C. 


Output current =30A x oat =26.4A 
236V 


The conductors for the circuit in Figure 8.16 are permitted to be sized using the rules of 430.22. The 
conductor is required to have an allowable ampacity not less than 1.25 times the full-load current. T he full- 
load current to the motor is 18.7 amperes and the full-load input current to the transformer is 21.2 amperes. 
M ultiply each of these values by 1.25 and select the minimum conductor size using Table 310.16. The min- 
imum size copper input current to the transformer in Figure 8.16 is size 10 AWG, and the minimum size cop- 
per output conductor to the motor is 12 AWG. 


TRANSFORMER TAPS 


The overcurrent protection rules for a transformer in 450.3 do not provide for the protection of the con- 
ductors supplying a transformer or the conductors leading away from the transformer. The protection of con- 
ductors is covered in 240.4 and 240.21. The most basic situation is where a circuit is installed to supply a 
specific load, such as shown in Figure 8.17, and a transformer is required to change the supply voltage to 
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NEC ® 240.21(B)(3) 
25-FT (7.5 M) 25-kVA 
TRANSFORMER TAP RULE SINGLE-PHASE 
TRANSFORMER 
SIZE 3 AWG 
SIZE 8 AWG | COPPER, TYPE THW 
COPPER, TYPE THW 
“ SECONDARY 
PRIMARY Oo = — 120/240 VOLTS 
480 VOLTS ' x 
25 FT | 100-AMPERE 
50-AMPERE 75 My’! CIRCUIT-BREAKER 
FUSES | 


Figure 8.17 The secondary overcurrent protection is permitted to be located 25 ft (7.5 m) from the secondary 
winding when the primary circuit wire has overcurrent protection not exceeding the ampacity of the primary 
wire. 


match the requirement of the load. In Figure 8.17, the purpose is to supply a 120/240-volt, 3-wire panelboard 
with a 100-ampere main circuit breaker from a 480-volt electrical supply. Assume for the purpose of this 
example that all conductors are copper with 75°C insulation and terminations. The conductors from the 
secondary of the transformer to the 100-ampere circuit breaker are size 3 AWG. The voltage is changed from 
480 volts to 240 volts. Therefore, there will be 50 amperes flowing in the primary conductors when 
100 amperes is flowing in the secondary conductors (Equation 8.7). The 480-volt conductors supplying the 
transformer are size 8 AWG protected with 50-ampere time-delay fuses. The overcurrent protection for this 
circuit is well within the limits set by Table 450.3(B). The conductors supplying the transformer primary are 
protected, but the secondary conductors leading away from the transformer are only protected at their load 
end similar to service entrance conductors. A short circuit or ground fault that may occur between the trans- 
former and the secondary overcurrent device can create a hazardous condition without opening the primary 
overcurrent device. As a result, special rules were developed to minimize the risk of a hazardous condition 
developing. These are the transformer tap rules and they are located in 240.21. For an inside installation, the 
maximum distance permitted from the transformer to the overcurrent device is 25 ft (7.5 m). This rule is 
found in 240.21(C)(6). 

NEC® 240.21(C)(6) does not restrict the number of conductors leading away from the transformer. 
Therefore, several sets of conductors are permitted to supply different loads. In the case of Figure 8.18, a 
112.5-kVA, 3-phase transformer supplies two 208Y /120-volt panelboards, one with a 225-ampere main cir- 
cuit breaker and the other with a 100-ampere main circuit breaker. The only restriction is that each set of 


NOT MORE THAN 25 FT (7.5 M) 


| 
| 
| 
< 
| 
I 
| 


100-AMPERE 
CIRCUIT BREAKER 
a 
SIZE 1/0 AWG 
COPPER \ 
\ SIZE 2 AWG COPPER 
LT} Py 
SIZE 4/0 AWG COPPER 225-AMPERE 
ff CIRCUIT BREAKER 
150-AMPERE a 
FUSES 
TRANSFORMER 
112.5-kVA 
3-PHASE 


Figure 8.18 Multiple secondary conductors, not more than 25 ft (7.5 m) in length, are permitted to extend from 
a transformer and end in a single overcurrent device rated for the conductor, but the conductor is required to 
have an ampacity not less than one-third the rating of the primary overcurrent device adjusted for the voltage 
change. 
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conductors ends at a single circuit breaker or set of fuses, and there is a minimum size conductor specified. 
The secondary conductors leading away from the transformer are required to have an ampacity not less than 
one-third the ampacity of the primary overcurrent device when converted to equivalent current at the sec- 
ondary voltage (Equation 8.8). The transformer shown in Figure 8.18 is connected to a 480-volt, 3-phase sup- 
ply and is protected on the primary with 150-ampere fuses. This fuse rating is small enough, according to 
Table 450.3(B), that additional overcurrent protection for the secondary windings is not required. Divide the 
150-ampere fuse rating by three and use E quation 8.8 to find the equivalent current at the secondary voltage, 
which is 115 amperes. This is the minimum ampacity permitted for any set of conductors leading away from 
this transformer. N ote that instead of a size 3 AWG copper conductor to supply the 100-ampere panelboard, 
a size 2 AWG conductor is required. 


Secondary current =50A x ABON. < 115A 
208 V 


NEC® 240.21(C)(2) permits multiple sets of conductors leading away from a transformer secondary with 
only a small restriction upon the ampacity of the conductors relative to the primary overcurrent device, pro- 
vided the length of conductor from the transformer to the overcurrent device does not exceed 10 ft (3 m). This 
is illustrated in Figure 8.19. The conductors are required to be run in raceway from the transformer to the pan- 
elboard or other device containing the overcurrent device. The 10 ft (30 m) tap conductors are required to have 
an ampacity not less than 10% of the rating of the primary overcurrent device corrected for the change in volt- 
age using Equation 8.8, which in this case is only 10 amperes. 

Itis frequently desirable to tap a transformer from a feeder as shown in Figures 8.13 and 8.20 without 
overcurrent protection between the tap point and the transformer. This is permitted by 240.21(B)(3). The 
restriction in this case is that the total distance from the point where the primary conductor taps the feeder 
to the overcurrent device on the secondary is not permitted to exceed 25 ft (7.5 m). The feeder overcurrent 
device protects the primary and secondary tap conductors and the primary winding of the transformer. If the 
feeder overcurrent device has a rating higher than 1.25 times the transformer full-load current, then a single 
overcurrent device is required to protect the transformer secondary subject to the conditions of Note 2 of 
Table 450.3(A) and Table 450.3(B). The transformer installation of Figure 8.20 has a primary full-load cur- 
rent of 104 amperes, and a secondary full-load current of 208 amperes. 


NEC ® 240.21(C)(2) 
10-FT (3 M) 


TRANSFORMER TAP RULE 208-VOLT SECONDARY 


SIZE 12 AWG COPPER 
TYPE THW 


45-AMPERE < 10 FT 7 =~ 
ao (3 M) 


ye 


SIZE 8 AWG COPPER, 
TYPE THW 


480-VOLT PRIMARY 


! 


37.5-kVA | 
3-PHASE 
TRANSFORMER 


50-AMPERE| 30-AMPERE| 20-AMPERE 
FUSES FUSES FUSES 


Figure 8.19 Thesize of the secondary tap conductors is permitted to be sized to supply the load with no relation 
to the rating of the primary overcurrent device when the tap length does not exceed 10 ft (3 m). 
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Figure 8.20 When the primary circuit wire is tapped from a feeder, the secondary winding overcurrent protec- 
tion shall be located not more than 25 ft (7.5 m) from the point of the primary tap. 


Primary full-load current = ee 104A 


480 V 


Table 450.3(B) permits the primary overcurrent device to have a rating of up to 250 amperes and a 
secondary overcurrent device of up to 300 amperes. The secondary overcurrent device rating is only 
200 amperes. The conductor between the transformer and the 200-ampere circuit breaker is sized according 
to 240.4 which requires a minimum size 3/0 AWG copper conductor. The primary tap conductor must have 
an allowable ampacity not less than required to supply the load on the secondary of the transformer. Use 
Equation 8.7 to determine how much current will flow on the primary conductor when 200 amperes is flow- 
ing on the secondary conductors. The result will be 100 amperes, which requires a size 3 AWG copper con- 
ductor to supply the transformer. 


Primary overcurrent device =104A x 2.5 =260A (must round down to 250A) 
Secondary overcurrent device = 208A x 1.25 =260A (permitted to round up to 300A) 


NEC® 240.21(C)(3) is a special case of the 25-ft (7.5-m) transformer secondary tap rule that applies 
only for industrial installations. The difference between this tap rule and the others is that the secondary con- 
ductor is permitted to end in multiple overcurrent devices provided they are grouped together in one loca- 
tion. There are several conditions that must be satisfied. The secondary conductor is not permitted to have an 
allowable ampacity less than the secondary full-load current of the transformer. For example, assume a 
75-kVA , 3-phase transformer supplies 208Y /120-volt power from a 480-volt supply. The secondary full-load 
current is 208 amperes. The secondary conductor is not permitted to be smaller than size 4/0 AWG copper. 
According to Table 310.16, this conductor is rated for 230 amperes. The secondary conductor is permitted 
to terminate at multiple overcurrent devices, but in this case, they are not permitted to total to more than 
260 amperes (208A X 1.25 =260A). 

NEC® 240.21(C)(4) is a transformer secondary conductor tap rule that only applies if the conductors 
are run outside a building. M ultiple tap conductors are permitted to be run outdoors from a transformer sec- 
ondary to individual loads such as disconnects in individual buildings. The tap conductors are permitted to 
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Figure 8.21 Multiple outside secondary taps are permitted to a transformer with no restriction in length or con- 
ductor size except that the taps are to end at a single overcurrent device with a rating not exceeding the ampa- 
city of the conductors. 


be sized for the load to be served and they are permitted to be of any length. The conductors are required to 
end at a single circuit breaker or set of fuses with a rating not higher than the ampacity of the conductors. 
This type of installation is illustrated in Figure 8.21. 


TRANSFORMER GROUNDING 


An electrical system derived from a transformer is required to have noncurrent-carrying metal parts and 
equipment grounded the same as any other part of the electrical system. In addition, the electrical system pro- 
duced by the transformer also may be required to be grounded according to 250.20(B). NEC® 250.26 speci- 
fies the wire that shall be grounded. The method of grounding the grounded circuit conductor is specified in 
250.30 for separately derived systems. A separately derived system is defined in Article 100. A transformer 
installed at some point in an electrical system is considered to be a separately derived system if a derived 
grounded-circuit conductor is not electrically connected to a grounded-circuit conductor of the building 
electrical system. Further information about separately derived systems is found in 250.20(D). M ost trans- 
former installations are considered to be separately derived systems, and the grounding is covered in 250.30. 
The rules of grounding are illustrated in Figure 8.22. 

It is important to understand the purpose for grounding a separately derived system. If a ground fault 
should occur, the current attempts to return to the source, which in this case is the separately derived system. 
An adequate low impedance path must be provided back to the grounded conductor of the separately derived 
system in order for fault current to flow. In the case of an ungrounded system, a low impedance path must 
be provided back to the grounding point at the main disconnect for the separately derived system. Therefore, 
itis important the grounding electrode be located as close as practical to the separately derived system. M ost 
insulating transformer installations are considered to be separately derived systems. 

The requirement for a grounding electrode for a separately derived system is found in 250.30(A)(7). 
The grounding electrode is required to be the closest of either an effectively grounded structural metal mem- 
ber in the building or an effectively grounded metal water pipe. If the transformer is located near or adjacent 
to the service equipment, then it is probably most convenient and effective to ground the separately derived 
system to the same grounding electrode as the service equipment. Assume a transformer is installed in a 
building a considerable distance from the service equipment. Also, assume there is a metal water pipe in the 
building but the transformer is located a distance from the point where the water pipe enters the building. If 
the steel frame of the building is effectively grounded and closer to the transformer, then the transformer 
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NEC® 250.30 GROUNDING OF A 
SEPARATELY DERIVED SYSTEM 


<«— TRANSFORMER 


ae a 
MAIN 


e Ul I+ ~ oVERCURRENT 
Be | | PROTECTION FOR 

EQUIPMENT GROUNDING JUMPER acura sii 
CONDUCTOR IS REQUIRED NEC® 250,30(A)(1) 
IF METAL RACEWAY IS , 
NOT USED ~+— GROUNDING ELECTRODE 

GROUNDING ELECTRODE —+ — CONDUCTOR 

NEC ® 250.30(A)(7) SEE NEC ® 250.30(A)(3) 


Figure 8.22 Grounding and bonding for a transformer are permitted to be at the first disconnect with overcur- 
rent protection, or it can be at the transformer. 


should be grounded to the building steel as close to the transformer as practical. In this case it is not required 
to run a grounding electrode conductor back to a point within 5 ft (1.5 m) of the point where the metal water 
pipe enters the building. But if the metal water pipe serves the same area as the separately derived system, it 
is required according to 250.104(D)(1) to bond to the metal water pipe in the local area. This is a bonding 
requirement not a grounding requirement, although the conductors are the same size. If there is no metal 
building steel available that is effectively grounded, then the transformer is required to be grounded to the 
metal water pipe within 5 ft (1.5 m) of the point where it enters the building. For industrial or commercial 
buildings, the connection to the water pipe may be permitted to be made a distance from the point where it 
enters the building if the conditions of the Exception to 250.52(A)(1) are satisfied. If there is no effectively 
grounded metal water pipe or effectively grounded building structural steel, then any one of the other ground- 
ing electrodes described in 250.50 or 250.52 is required to serve as the grounding electrode for the separately 
derived system. 

For a building where a number of transformers will be installed and finding a satisfactory grounding 
electrode may be difficult, itis permitted to run a common grounding electrode conductor through the build- 
ing to which several transformers can be grounded. This method of grounding separately derived systems is 
permitted in 250.30(A)(4) and is illustrated in Figure 5.18 in Unit 5. This common grounding conductor can 
be connected to the grounding electrode for the building. The size of the common grounding conductor is 
required to be not smaller than 3/0 AWG copper according to 250.30(A)(4)(a). If there is an exposed metal 
building frame and metal water pipe in the area served by the circuits from the separately derived system, 
they are to be bonded to the common grounding electrode conductor as required by 250.104(D). 

The size of the grounding electrode conductor for any one transformer is based upon the largest size 
ungrounded secondary conductor from the transformer using Table 250.66. A ny bonding conductor required 
by 250.104(D) is also sized using Table 250.66. The grounding electrode conductor connection to the 
grounded conductor is permitted to be made at the transformer or at the first overcurrent device supplied by 
the transformer. In Figure 8.22, the grounding electrode conductor connection is made at the first disconnect. 
It is also required to bond to the disconnect enclosure in a manner similar to that of a service. If this bond is 
made at the transformer, usually a wire will be used as a bonding jumper from the grounded conductor ter- 
minal in the transformer to the enclosure. A grounding electrode conductor must be run from the transformer 
enclosure to the grounding electrode. Grounding at the transformer and at the first disconnecting means is 
not permitted if a parallel path is created for grounded conductor current. It is required that the transformer 
enclosure and the enclosure of the first disconnecting means be effectively bonded together. 
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MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC? that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide 450 Transformers and Transformer Vaults 


450.5(B )(2) Exception: In the case of a high-resistance grounded electrical system, a resistor installed in the 
grounding conductor limits the ground-fault current to less than 10 amperes. These systems are often 
installed as an alternative to a ungrounded 3-phase electrical system. A zig-zag grounding autotrans- 
former is generally installed as a part of the alarm system to indicate when a ground-fault occurs. The 
exception permits the overcurrent device protecting this zig-zag transformer to be rated as high as 
20 amperes, rather than the 1.25 times the phase current to the transformer. The reason for this change 
is that circuit breakers are not manufactured that are small enough in rating to meet the Code require- 
ments for this application. 
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WORKSHEET NO. 8— BEGINNING 
TRANSFORMERS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A single-phase transformer has a rating of 25 kVA with a primary winding rated 
480 volts and the secondary winding rated 120/240 volts. The full-load current of the 
primary winding of the transformer is: 

A. 30 amperes. D. 130 amperes. 
B. 52 amperes. E. 208 amperes. 
C. 104 amperes. 
No code reference 


Code reference 


2. A single-phase, 5-kVA transformer is connected to a 480-volt supply to provide 
power at 120 volts. The current draw in the 120-volt, 2-wire secondary circuit sup- 
plied by the transformer is 40 amperes as shown in Figure 8.23. The current flowing 
in the 480-volt circuit supplying the transformer, assuming minimal losses, is 
approximately: 

A. 10 amperes. D. 80 amperes. 
B. 20 amperes. E. 160 amperes. 
C. 40 amperes. 


No code reference 


Code reference 


3. Information that is not required to be provided on the nameplate of a dry-type trans- 
former from the following list is: 

full-load current of the primary and secondary. 

frequency. 

rated kilovolt-amperes. 

primary and secondary voltage. 

impedance if rated 25 kVA or larger. 


mOOD> 


Code reference 


5-KVA 
TRANSFORMER 
= —+ 40 AMPERES 
CURRENT? 
480 VOLTS 120 VOLTS 
SEL <= 
EQUIPMENT © 
GROUNDING WIRE 
= GROUNDING 
ELECTRODE 


Figure 8.23 Determine the current flowing in the primary conductors of this insulating transformer. 
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4, Transformers are required to be installed where they are readily accessible. In the 
case of a10-kVA dry-type transformer operating at not over 600 volts and installed 
in the open on the wall of an industrial space, the transformer is permitted to be 
installed: 

not more than 6 ft 7 in. (2 m) above the floor. 

not more than 8 ft (2.5 m) above the floor. 

not more than 10 ft (3 m) above the floor. 

not more than 20 ft (6.1 m) above the floor. 

at any height as long as a ladder or other portable elevating device is capable of 

providing direct access to the transformer without removal of obstacles. 


moOOw> 


Codereference. 

5. A transformer installed within a building to change the voltage to create a new elec- 
trical system such as a transformer connected to a 480-volt supply to create a 
120/240-volt 3-wire system, shown in Figure 8.24, is considered to be: 

a secondary service. 

an alternate power source. 

an isolated electrical system. 

a separately derived system. 

a premises electrical system. 


moOOm> 


Codereference 

6. A 5-kVA dry-type transformer, with both windings operating below 600 volts, has an 

outer metal covering in direct contact with the core and no ventilation openings to the 

inside of the transformer. The transformer is installed in a room with walls constructed 

of a combustible material. If no fire resistant, thermal insulating material is installed 

between the transformer and the wall, the minimum separation distance permitted 

between the transformer and the wall, as shown in Figure 8.25, is: 

A. of no concern and the transformer can be mounted directly to the wall. 

B. 3in.(75 mm). 

C. 6in. (150 mm). 

D. 12 in. (300 mm). 

E. 18 in. (450 mm). 


Code reference 


TRANSFORMER 
120 VOLTS t 
480 VOLTS 240 VOLTS 
120 VOLTS | 
EQUIPMENT 4+ 
GROUNDING WIRE il 
+ GROUNDING 
— ELECTRODE 


Figure 8.24 What is the name used in the Code for a transformer that changes the voltage and creates a new 
electrical system within a building? 
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MINIMUM 
DISTANCE? 
| 
TRANSFORMER 
COMBUSTIBLE ie <—— WITH ENCLOSURE IN 
WALL CONSTRUCTION CONTACT WITH CORE 


Figure 8.25 Determine the minimum distance between a wall of combustible construction and a transformer 
with the core in contact with the enclosure and no ventilation openings. 


7. A 480-volt, single-phase circuit protected with time-delay fuses supplies only one 
50-kVA dry-type transformer. The purpose of the transformer is to supply a single- 
phase, 120/240-volt panelboard which is provided with a 200-ampere main circuit 
breaker as shown in Figure 8.26. The distance from the fuses protecting the trans- 
former primary to the circuit breaker in the panelboard is 40 ft (12.19 m), and the 
distance from the transformer to the panelboard is 15 ft (4.57 m). All conductors are 
copper with 75°C insulation and terminations. The conductor supplying the primary 
is size 2 AWG and the conductor on the secondary to the panelboard is size 
3/0 AWG. The maximum rating time-delay fuse permitted to protect this transformer 


circuit is: 
A. 100 amperes. C. 150 amperes. E. 250 amperes. 
B. 125 amperes. D. 200 amperes. 
Codereference. 
40 FT (12.19 M) 


15 FT (4.57 M) 


SIZE 3/0 AWG 
SIZE 2 AWG COPPER COPPER 
5 a ? 


J 480-VOLT SINGLE-PHASE 
| 5O0kVA 
| CIRCUIT BREAKER 


MAXIMUM 
PERMITTED FUSE 
RATING? 120/240-VOLT 
SINGLE-PHASE 
PANELBOARD 


Figure 8.26 Determine the maximum permitted primary fuse rating for this transformer and the maximum dis- 
tance permitted from the transformer to the 120/240-volt panelboard. 
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8. Refer to the transformer installation of Figure 8.26 which is in a commercial build- 
ing. The distance from the transformer to the panelboard is permitted to be increased 
from 15 ft to a maximum distance of: 

25 ft (7.5 m). 

50 ft (15 m). 

75 ft (22.5 m). 

100 ft (30 m). 

not limited to a specific distance. 


mMmOO0D 


Codereference. 

9. A 15-kVA, single-phase dry-type transformer is installed to supply a 240-volt load 
from a 480-volt supply. All conductors are copper with 75°C insulation and termi- 
nations. The primary circuit conductor is size 10 AWG 2-wire at 480 volts, and the 
secondary conductor is size 6 AWG 2-wire at 240 volts. The primary is protected 
with 30-ampere time-delay fuses, and a disconnect switch with 60-ampere time- 
delay fuses is installed on the secondary circuit as shown in Figure 8.27. The maxi- 
mum distance from the transformer to the secondary disconnect switch is: 

25 ft (7.5 m). 

50 ft (15 m). 

75 ft (22.5 m). 

100 ft (30 m). 

not limited to a specific distance. 


mOOD> 


Codereference. 

10. An autotransformer: 

A. has two separate windings not electrically connected to each other. 

B. has a winding common to both the primary and secondary circuits. 

C. is only permitted to be used in electric cars. 

D. is required to have overcurrent protection installed on both the primary and sec- 
ondary. 
installation is not permitted to any input conductor connected directly to an out- 
put conductor. 


m 


Code reference 


15-kVA 
TRANSFORMER 


SIZE 10 AWG COPPER \ 
\ a SIZE 6 AWG COPPER 
/ a 


| 240 VOLTS 


MAXIMUM DISTANCE | 
PERMITTED? | 
] I 
] I 


| 
| 
| 480 VOLTS 


EQUIPMENT 
f EQUIPMENT GROUNDING WIRE 60-AMPERE 
30-AMPERE GROUNDING WIRE FUSES 
FUSES 
| GROUNDING 
— ELECTRODE 


Figure 8.27. For this transformer installation with a single-voltage 2-wire secondary, determine the maximum 
distance permitted from the transformer to the secondary overcurrent device. 
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rN 480-VOLT FEEDER 


TAP POINT 


MAXIMUM 
PERMITTED 
RATING OF +—— SIZE 12 AWG COPPER 

OVERCURRENT 20 FT 

DEVICE? (6.1 M) 


www | 10-kKVA SINGLE-PHASE 
WT TRANSFORMER 


+~———_ SIZE 8 AWG COPPER 


>) +—\}+— _ 40-AMPERE MAIN 
sat CIRCUIT BREAKER 


Figure 8.28 Determine the maximum rating feeder overcurrent device permitted where the overcurrent device 
also serves as the transformer overcurrent protection. 


11. A 10-kVA single-phase transformer supplies a 120/240-volt, 3-wire panelboard with 
a 40-ampere main circuit breaker. The conductors between the transformer and the 
panelboard are size 8 AWG copper and the tap conductors supplying the primary of 
the transformer are size 12 AWG copper. The primary conductor is tapped to a 
480-volt feeder with the distance from the tap point to the feeder being 20 ft (6.1 m) 
as illustrated in Figure 8.28. If the feeder overcurrent device serves as the primary 
protection for the transformer, the maximum rating feeder overcurrent device 


permitted is: 
A. 20 amperes. D. 125 amperes. 
B. 40 amperes. E. 160 amperes. 


C. 50 amperes. 
Code reference 


12. A 75-kVA, 3-phase transformer supplies a 200-ampere, 208Y /120-volt, 4-wire pan- 
elboard from a 480-volt supply. The panelboard is supplied with size 3/0 copper 
conductors terminating at a 200-ampere circuit breaker within 10 ft of the trans- 
former. The primary is supplied with size 3 AWG copper conductors protected by a 
100-ampere circuit breaker. All conductors have 75°C insulation and terminations, 
and are run in Rigid M etal Conduit. The installation is shown in Figure 8.29. A metal 
water pipe enters the building and is used as a grounding electrode for the service, 
but the water pipe is not visible at all points between the point of entry to the build- 
ing and the area of the transformer installation. The building has a structural steel 
frame, which is considered effectively grounded. The grounding electrode required 
for this installation is: 

A. the structural steel frame of the building and the metal water pipe. 

B. the metal water pipe with a connection made within 5 ft of the point where it 
enters the building. 

C. the metal water pipe, but permitted to have the connection made at the point 
nearest the transformer. 

D. the structural steel because it is closer to the transformer than the point where 
the water pipe enters the building. 

E. aground rod driven to earth at the point closest to the transformer. 


Code reference 
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75-kVA 3-PHASE 
TRANSFORMER 


SIZE 3 AWG SIZE 3/0 AWG 
COPPER COPPER 


Ge Sena 208Y/120-VOLT, 4-WIRE 


] 
a JJ) (Goa aan 
{— 
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CIRCUIT BREAKER CI 
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Ly 
cies Wie b 
8 FT (2.5 M) NY ‘ EE 
GROUND ROD ~ METAL WATER PIPE IN AREA 
STRUCTURAL 
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Figure 8.29 Determine the grounding electrode required for this transformer installation as well as the mini- 
mum size copper grounding electrode conductor. Also determine the permitted location for the bonding jumper, 
and the minimum size bonding jumper and the minimum size bonding jumper to the metal water pipe serving 
the area served by the transformer circuits. 


13. Refer to the transformer installation of Figure 8.29. If the grounding electrode con- 
ductor is copper, the minimum size permitted is: 
A. 6AWG., C. 3AWG. E. 2/0AWG. 
B. 4AWG. D. 2AWG. 


Codereference. 

14. The system bonding jumper for the transformer installation shown in Figure 8.29, 

which connects the grounded circuit conductor to the equipment grounding conduc- 

tor, is: 

A. required to be at the transformer. 

B. required to be at the first disconnect supplied by the transformer. 

C. required to be made at both the transformer and the first disconnect supplied by 

the transformer. 

D. required to be made back at the main service equipment. 
permitted to be at the first disconnect or overcurrent device supplied by the 
transformer. 


m 


Code reference 
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15. The metal water pipe in an area supplied power from a transformer is not effectively 
bonded back to the point where the metal water pipe enters the building. A ssuming 
the same transformer installation as Figure 8.29, the minimum size copper conduc- 
tor required to bond the metal water pipe in the area to the grounded conductor of 
the separately derived system is: 

A. 8AWG. C. 4AWG. E. 1AWG. 
B. 6AWG. D. 3AWG. 


Code reference 
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WORKSHEET NO. 8— ADVANCED 
TRANSFORMERS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 3-phase transformer has a rating of 112.5 kVA with a primary winding rated 
480 volts and the secondary winding rated 208Y /120 volts. The full-load current of 
the secondary winding of the transformer is: 

A. 243 amperes. C. 313 amperes. E. 541 amperes. 
B. 293 amperes. D. 390 amperes. 


No code reference 


Code reference 


2. A 3-phase transformer is connected for 480 volts on the primary and 208 volts on 
the secondary. If 200 amperes are flowing on the secondary conductors, the current 
in the primary conductors, assuming minimal losses, is approximately: 

A. 87 amperes. C. 200 amperes. E. 462 amperes. 
B. 108 amperes. D. 400 amperes. 


Code reference No code reference 


3. A transformer, which is intended to be connected to a 3-phase 3-wire ungrounded 
electrical system for the purpose of creating a 3-phase 4-wire grounded electrical 
system, is called a: 

A. boost and buck transformer. D. shielded transformer. 
B. insulating transformer. E. zig-zag transformer. 
C. isolation transformer. 
Codereference. 

4, Thedoor sill at the entrance of a vault, as shown in Figure 8.30, for an oil-insulated 
transformer is required to have sufficient height to contain all of the liquid in the 
largest transformer and in no case shall the height be less than: 

A. 4 in. (100 mm). D. 10 in. (250 mm). 
B. 6in. (150 mm). E. 12 in. (300 mm). 
C. 8 in. (200 mm). 

Code reference 


DOORWAY 
TRANSFORMER 
VAULT 
MINIMUM 
HEIGHT? 
ee SILL TO CONTAIN 


LIQUIDS 


Figure 8.30 Determine the minimum height of the doorway sill required at the entrance to a liquid-insulated 
transformer vault. 
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5. A 500-kVA oil-insulated transformer is installed in a vault inside a building. The 
vault is ventilated to the outside of the building using natural circulation of air. A fter 
deducting the area for screens, gratings, and louvers, the minimum cross-sectional 
area of the ventilation opening shall be not less than: 


A 375 in? (237,500 mm? or 2375 cm”). 
B. 500 in? (316,500 mm? or 3165 cm). 
C. 750 in? (475,000 mm? or 4750 cm’). 
D. 1000 in? (633,300 mm? or 6333 cm). 
E. 1500 in? (950,000 mm? or 9500 cm’). 


Codereference. 
6. A building contains one large 480-volt, 3-phase pump motor. One 20-ampere, 
120-volt general-purpose circuit is installed to provide lighting outlets and recepta- 
cles for maintenance. The circuit is provided with a 3-kVA dry-type transformer and 
connected to the 480-volt supply. The conductors are copper with 75°C insulation 
and terminations. The conductor supplying the transformer is size 14 AWG and the 
conductors on the secondary side of the transformer are size 12 AWG. The installa- 
tion is shown in Figure 8.31. If time-delay fuses in a disconnect switch protect all 
circuit conductors and the transformer, the maximum rating fuses permitted are (see 
Table 7.2 for typical fuse ratings): 
A. 3 amperes. C. 10 amperes. E. 20 amperes. 
B. 5 amperes. D. 15 amperes. 


Code reference 


7. A 45-kVA 3-phase transformer supplies a 208Y /120-volt, 4-wire panelboard with a 
125-ampere main circuit breaker. The transformer is tapped from a 480-volt, 3-phase 
feeder with the feeder fuses also protecting the tap conductors and the transformer. 
The distance from the tap point through the transformer to the panelboard is 25 ft 
(7.5 m) with size 4 AWG primary and size 1 AWG secondary copper conductors run 
in Rigid M etal Conduit as shown in Figure 8.32. This installation is only permitted 
if the fuses protecting the feeder have a standard rating not exceeding: 

A. 125 amperes. D. 225 amperes. 
B. 150 amperes. E. 400 amperes. 
C. 200 amperes. 


Code reference 


480-VOLT PRIMARY  ' 


4 | 
MAXIMUM PERMITTED «>. . - 
FUSE SIZE TO PROTECT { 20-AMPERE, 120-VOLT 
2-WIRE CIRCUIT 
TRANSFORMER AND aang 
Penne TRANSFORMER 


Figure 8.31 Determine the minimum rating primary overcurrent device required to protect the transformer and 
the secondary circuit conductors for a 2-wire, single-voltage secondary. 
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480-VOLT 3-PHASE FEEDER 


<«—— TAP SIZE 4 AWG COPPER 
MAXIMUM FUSE 
RATING PERMITTED = 25 FT 


TO PROTECT (7.5 M) 
2? 
TRANSFORMER? TRANSFORMER 
ULL | 45-KVA 3-PHASE 
a SIZE 1 AWG COPPER 


passe 
! <«—;—— _ 125-AMPERE CIRCUIT 
_ BREAKER 


) 
: f ~ |" PANELBOARD 
208Y/120-VOLT 
4-WIRE 


Figure 8.32 Determine the maximum rating feeder overcurrent device permitted where the overcurrent device 
also serves as the transformer overcurrent protection and the distance from the tap point to the secondary over- 
current device does not exceed 25 ft (7.5 m). 


8. A 50-kVA dry-type single-phase transformer is installed outdoors on a concrete pad 
and supplies 120/240-volt single-phase power to panelboards with 100-ampere main 
circuit breakers in each of two separate buildings. The secondary conductors are size 
1 aluminum Type USE run underground to each building. The conductors terminate 
at the panelboards immediately upon entering the buildings. The transformer is con- 
nected to a 480-volt supply with size 1 copper conductors protected by 150-ampere 
time-delay fuses. The maximum length of secondary conductors permitted to each 


buildings is: 
A. 10 ft (3m). D. 100 ft (30 m). 
B. 25 ft (7.5m). E. not restricted. 


C. 50 ft (15m). 
Code reference 


9, A 45-kVA 3-phase transformer supplies a 208Y /120-volt, 4-wire panelboard with a 
125-ampere main circuit breaker. The distance from the transformer to the panel- 
board is 25 ft (7.5 m) with size 1 AWG copper conductors run in Rigid N onmetallic 
Conduit. The transformer circuit is tapped from a 400-ampere, 480-volt, 3-phase 
feeder with the tap ending at a fusible disconnect switch as shown in Figure 8.33. 
The primary conductors supplying the transformer are 6 AWG copper. The maxi- 
mum standard rating time-delay fuses permitted for this transformer circuit is: 

A. 60 amperes. C. 100 amperes. E. 175 amperes. 
B. 70 amperes. D. 125 amperes. 


Codereference. 
10. The 45-kVA 3-phase transformer in Figure 8.33 with size 1 AWG copper secondary 
conductors feeding a panelboard with a 125-ampere main circuit breaker is grounded 
to a steel building support. The minimum size copper grounding electrode conduc- 
tor permitted to be run from the panelboard to the steel support is: 
A. 8AWG. C. 4AWG. E. 1AWG. 
B. 6AWG. D. 2AWG. 


Code reference 
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Figure 8.33 Determine the maximum permitted rating primary overcurrent device for a transformer where the 
primary conductors are size 6 AWG copper. Also determine the minimum size copper grounding electrode con- 
ductor for the transformer installation as well as the equipment bonding jumper in the section of Rigid 
Nonmetallic C onduit between the transformer and the panelboard. 


11. The 45-kVA 3-phase transformer in Figure 8.33 with size 1 AWG copper secondary 
conductors feeding a panelboard with a 125-ampere main circuit breaker has the 
grounding electrode conductor connection to the grounded-circuit conductor at the 
panelboard. Because the conductors between the transformer and the panelboard are 
run in Rigid Nonmetallic Conduit, a bonding jumper is run from the panelboard 
grounding bus back through the conduit to the transformer enclosure. The minimum 
size equipment bonding jumper permitted for this purpose is: 

A. 12AWG. C. 8AWG. E. 4AWG. 
B. lOAWG. D. 6AWG. 


Codereference. 
12. A 75-kVA 3-phase transformer is supplied with size 3 AWG copper conductors and 
protected on the primary by 100-ampere time-delay fuses. The transformer is con- 
nected to a 480-volt supply and provides power for two 208Y /120-volt, 4-wire 
panelboards as shown in Figure 8.34. One panelboard has a 150-ampere main circuit 
breaker and the other has a 50-ampere main circuit breaker. All conductors are cop- 
per and have 75°C insulation and terminations, and the maximum length of conduc- 
tors from the transformer to either panelboard is not more than 10 ft (3 m). The 
minimum size conductors permitted to supply the panelboard with the 50-ampere 
main circuit breaker is: 
A. 8AWG. C. 4AWG. E. 3/0AWG. 
B. 6AWG. D. 1/0AWG. 


Code reference 
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SIZE 3 AWG NOT MORE THAN 10 FT (3 M) 
COPPER < 7 
\ MINIMUM CONDUCTOR SIZE? 
ia ® 
| SIZE 1/0 AWG COPPER 
100-AMPERE FUSE 150- ) 50- 

75-kVA AMPERE sie AMPERE 
3-PHASE CIRCUIT “TA | CIRCUIT 
TRANSFORMER BREAKER BREAKER 


208Y/120-VOLT PANELBOARDS 


Figure 8.34 Determine the minimum size copper conductors supplying the panelboard with the 50-ampere main 
circuit breaker when the length of the conductor is 10 ft (3 m), and when the length of the conductor is 25 ft 
(7.5 m). 


13. A 75-kVA 3-phase transformer in a commercial building is supplied with size 
3 AWG copper conductors and protected on the primary by 100-ampere time-delay 
fuses. The transformer is connected to a 480-volt supply and provides power for two 
208Y /120-volt, 4-wire panelboards as shown in Figure 8.34. One panelboard has a 
150-ampere main circuit breaker and the other has a 50-ampere main circuit breaker. 
All conductors are copper and have 75°C insulation and terminations. The installa- 
tion is the same as shown in Figure 8.34 except the length of conductors from the 
transformer to both panelboards is more than 10 ft (3 m) but not more than 25 ft 
(7.5 m). The minimum size conductors permitted to supply the panelboard with the 
50-ampere main circuit breaker is: 

A. 8AWG. C. 4AWG. E. 3/0AWG. 
B. 6AWG. D. 1/0AWG. 


Codereference. 
14. A 5-horsepower single-phase motor is to be operated at 240 volts, but the building 
only has 208 volts available. A 1-kVA boost and buck transformer with a primary 
winding rated 120/240 volts and the secondary winding rated 16/32 volts is selected 
to boost from 208 volts to 240 volts. This transformer, connected in this manner, has 
a maximum continuous load current rating of 31.2 amperes (1000 VA/32 V = 
31.2A). The circuit is shown in Figure 8.35. It will be assumed the motor is power- 
ing an easy starting load, and the circuit conductors are properly sized. The maxi- 
mum standard rating time-delay fuses permitted to provide overcurrent protection 
for the transformer and circuit is: 
A. 25 amperes. C. 35 amperes. E. 45 amperes. 
B. 30 amperes. D. 40 amperes. 


Codereference. 

15. A 5-horsepower single-phase motor is to be operated at 240 volts, but the building only 
has 208 volts available. A 1-kVA boost and buck transformer with a primary winding 

rated 120/240 volts and the secondary winding rated 16/32 volts is selected to boost 

from 208 volts to 240 volts as shown in Figure 8.35. The transformer, connected in this 
manner, has a maximum continuous load current rating of 31.2 amperes. All conductors 
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are copper with 75°C insulation and terminations, and the conductors from the trans- 
former to the motor are size 10 AWG. The minimum size conductors permitted to sup- 
ply the transformer from the 208-volt source is: 

A. 12AWG. C. 8AWG. E. 4AWG. 

B. 10AWG. D. 6AWG. 


Code reference 


MAXIMUM PERMITTED 
RATING OF INPUT 


FUSES? | = t 
4 
| OUTPUT, 
240 VOLTS 
eee : 230-VOLT, SINGLE-PHASE 
| 208 5-HORSEPOWER MOTOR 
‘ AND CONTROLLER 


BOOST TRANSFORMER AWG 
120/240-VOLT PRIMARY ea 4 


16/32-VOLT SECONDARY 
DISCONNECT AND 


CONTROLLER 


MINIMUM 
CONDUCTOR SIZE? 


Figure 8.35 Determine the maximum permitted standard rating of the input conductor fuses, and the minimum 
size input conductors for this boost and buck transformer installation supplying a single-phase 230-volt motor 
from a 208-volt supply. 
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UNIT 9 


Hazardous Location Wiring 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 


* explain the difference between a Division 1 and a Division 2 (or a Zone 0, Zone 1, and 
Zone 2), Class | hazardous location. 


* explain the difference between a Division 1 and a Division 2, Class I| hazardous 
location (or Zone 20, Zone 21, and Zone 22). 


* describe the conditions that constitute a Class III hazardous location. 

* explain the function of an explosion-proof enclosure. 

* select the proper atmospheric group when given the name of a common flammable 
vapor or dust. 

* explain a wiring method permitted for use in a Class | hazardous location. 

* explain a wiring method permitted for use in a Class II, Division 1 and Division 2 haz- 
ardous location. 

* explain the special bonding requirements when double locknuts are used at an enclo- 
sure feeding a circuit in a hazardous location. 

¢ state the minimum number of threads required on a piece of Rigid Metal Conduit or 
IMC to be used in a Class | hazardous location for field-made fittings. 

* answer wiring installation questions relating to electrical installations in hazardous 
locations, as described in Articles 500, 501, 502, 503, 504, 505, and 506, including the 
special occupancies described in Articles 510, 511, 513, 514, 515, and 516. 

¢ state at least four significant changes that occurred from the 2005 to the 2008 Code for 
Articles 500, 501, 502, 503, 504, 505, 506, 510, 511, 513, 514, 515, or 516. 


CODE DISCUSSION 


An area is considered hazardous because of the highly flammable nature of a vapor, gas, dust, or solid mate- 
rial that may be easily ignited to cause fire or an explosion. Classification of the type of hazardous material, and 
the boundaries of the hazardous area, is covered in Article 500, with general requirements for wiring in these areas. 
Articles 501, 502, 503, 504, 505, and 506 cover specific wiring requirements for the type of hazardous area 
involved. Article 504 covers the installation of intrinsically safe wiring systems in any classified location. 
Intrinsically safe wiring systems are designed such that even if a fault or a short circuit occurs, sufficient energy 
is not available to ignite the hazardous vapor, dust, or material in the surrounding area. Artide 505 describes an 
alternate method to Article 501 of classifying Class | hazardous locations into zones, and describes the wiring 
methods permitted to be used for Zone 0, Zone 1, and Zone 2. In the case of flammable dusts, fibers, and flyings, 
wiring and equipment is permitted to be installed according to the rules of Article 506 where materials and extent 
of hazard are organized into Zone 20, Zone 21, and Zone 22. This is an alternative using Article 502 or Artide 503 
for the installation of equipment and wiring. Artides 510 through 516 deal with specific types of occupancies 
where hazardous conditions exist. These articles bring about uniformity of installations. M any occupancies are 
unique, and therefore, it is necessary to depend on Articles 500 through 506 to make decisions about the wiring. 
There are other National Fire Protection Association (NFPA) documents that may be necessary to determine the 
wiring requirements or to decide the boundaries of the hazardous area. It may be necessary to involve an expert, 
such as a registered professional engineer, with knowledge of the process and materials to decide the boundaries 
of the hazardous area, as well as to determine when a material constitutes a hazard. 
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Article 500 covers some explanation of the nature of the conditions in a hazardous location as far as 
electrical equipment is concerned. The types of hazardous vapors, gases, and dusts are categorized into Groups 
A through G. Flammable vapor and gas can also be categorized into Groups IIA, IIB, and IIC when installed 
under the zone system of Article 505. The markings required on electrical equipment for use in a hazardous 
location are covered. Hazardous locations are arranged into Class |, Class II, and Class III. Class | hazardous 
locations are described in 500.5(B). Class II locations are described in 500.5(C), with Class II! locations 
described in 500.5(D). 

Article 501 covers the specific requirements and wiring methods permitted in a Class | hazardous 
location, which is one where flammable vapors or gas are or may be present in sufficient concentration to be ignit- 
ed. The wiring methods permitted are covered in 501.10, and some common methods are illustrated in 
Figure 9.1. The wiring methods permitted in a Class |, Division 1 location are threaded Rigid M etal Conduit, 
threaded Intermediate M etal Conduit, and Type M! Cable. Some additional cables and raceways are permitted 
ina Class I, Division 2 location. These are covered in 501.10(B). The requirements for providing seals in the 
wiring system are covered in 501.15. The types of motors permitted to be installed in a Class | area are covered 
in 501.125, and luminaire (lighting fixture) markings and installation are covered in 501.130. NEC® 501.30 
covers the requirements for grounding and bonding, which in some ways are different from the general require- 
ments of Article 250. Refer to 500.8(E) for a caution about preventing sparking during fault conditions by mak- 
ing sure threaded fittings are wrench-tight. This, as well as adequate grounding and bonding of the equipment, 
can reduce the chances of sparking. 

Article 502 gives the wiring requirements for a Class II hazardous location where combustible dust is 
present in the air or may become suspended in the air. The wiring methods permitted are given in 502.10. It 
should be noted there are differences in requirements for a Division 1 and a Division 2 hazardous area. 
Sealing the wiring system is covered in 502.15. The type of motors permitted for use in a Class II location 
and the ventilation of the motor are covered in 502.125 and 502.128. Luminaire (lighting fixture) installa- 
tion is covered in 502.130. The bonding and grounding requirements are similar to those of the Class | haz- 
ardous location and are covered in 502.30. 

Article 503 deals with wiring in areas where there will be flammable fibers and flyings. The key here 
is flammable. A woodworking area where wood flyings that are easily ignitable and collect on surfaces and 
equipment is a typical example. A sawmill, on the other hand, usually involves wood particles that are heavy 
in weight and have a high moisture content. This material is generally not considered to be easily ignitable, 
and thus would not be considered to be a Class III hazardous location. Wiring methods permitted for use in 
a Class III area are stated in 503.10. M otors are covered in 503.125, and 503.128 and luminaires (lighting 
fixtures) in 503.130. Grounding and bonding are covered in 503.30. 

Article 504 covers the requirements for the installation of intrinsically safe wiring systems in haz- 
ardous classified locations. NEC ° 504.2 provides definitions important for the application of this article, such 
as the definition of intrinsically safe circuits. NEC® 504.20 states that any wiring method suitable for simi- 
lar conditions in unclassified locations is permitted to be used as a wiring method for intrinsically safe wiring 
systems in classified locations. NEC® 504.30 specifies separation requirements for intrinsically safe wiring 
from power and light wiring systems. The minimum separation is 2 in. (50 mm) if the wiring of both sys- 
tems is fixed in place. There are exceptions, stated in 504.30. It is necessary to maintain the 2 in. (50 mm) 
separation everywhere in the building, not just in the classified area. This is illustrated in Figure 9.2. NEC® 
504.80 specifies that terminals shall be identified to prevent accidental interconnection of normal power cir- 
cuits and intrinsically safe wiring systems. The intrinsically safe wiring system shall be identified with a 


NEC® 500.8(E) 
THREADED RIGID © THREADS MINIMUM 


METAL CONDUIT [ \ TYPE MI CABLE 


NEC® 501.10(A) | 

CLASS |, DIVISION 1 —————— 

LOCATION WIRING METHODS Aw 
THREADED INTERMEDIATE BOX AND FITTING APPROVED 
METAL CONDUIT — FOR USE IN CLASS | LOCATION 


NEC® 501.10(A)(3) 


Figure 9.1 Common wiring methods permitted in a Class I, Division 1 location are threaded Rigid M etal 
Conduit, threaded Intermediate M etal C onduit, and Type MI C able with approved fittings. 
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Figure 9.2 The intrinsically safe wiring shall be separated a minimum distance of 2 in. (50 mm) from lighting, 
power, and Class | circuits everywhere in the building— not just in the classified location. 


permanent label affixed to the wiring at intervals with a minimum spacing of 25 ft (7.5 m). If a label is not 
visible in every separated section of the building, a label must be attached. For example, if intrinsically safe 
wiring passes through a room and there is no label visible in that room, a label must be attached. The label 
shall read “Intrinsic Safety Wiring,” 504.80(B). 

Article 505 provides an alternative method of classifying Class | hazardous locations as well as specify- 
ing the wiring methods. This article separates the Class | area into three zones, Zone 0, Zone 1, and Zone 2. As 
described in 505.5(B)(1), in a Zone 0 of a Class! location, an ignitable concentration of gas or vapor is present 
continuously or is normally present for extended periods of time. The rules for wiring in Zone 0 are provided 
in 505.15(A), but essentially the only wiring permitted is intrinsically safe wiring, nonincendive circuits, non- 
conductive optical fiber cable, or similar systems with an energy-limited electrical supply that has been 
approved for the purpose. NEC ® 505.5(B)(2) describes Zone 1 of a Class | location as one where an ignitable 
concentration of gas or vapor is likely to be present for limited periods of time during normal operation, sys- 
tem breakdown, or repair. In general, a Class |, Division 1 location, as described in 500.5(B)(1), is separated 
into Zone 0 and Zone 1 when the rules of Article 505 are applied. The wiring methods permitted in Zone 0 are 
permitted in Zone 1 are in 505.15(B). 

In Zone 2 of a Class | location, an ignitable concentration of gas or vapor is not likely to exist during 
normal operation, and if an ignitable mixture becomes present, it will only exist for a short period of time. 
Usually the short-duration ignitable gas or vapor concentration in Zone 2 is the result of an accident or an 
unexpected system component rupture or failure. For Zone 2, the wiring methods used in more hazardous 
Class |, Division 1 or Zone 0 or 1 are permitted, as well as those wiring methods described in 505.15(C) 
location. 

Typical equipment intended for use in classified hazardous locations is required to be marked to show 
the class, group, operating temperature, and ambient temperature range. But equipment to be installed ina 
Class | location in accordance with Article 505 is required to be marked with the class, zone, and symbol indi- 
cating the equipment is built to American standards (AEx), the type of protection designation, gas classifica- 
tion group, ambient temperature range, and temperature classification. An example is shown in Figure 9.3. The 
types of protection system designations are listed in Code Table 505.9(C)(2)(4) and are described later. 
Temperature classifications are described in Table 505.9(D)(1). The gas groups as applied to Article 505 are 
labeled differently than as applied to Article 501. As applied to Article 505, an ignitable concentration of gas 
or vapor is labeled Group ||. But Group II is subdivided into Group IIA (same as Group D), Group IIB (same 
as Group C), and Group IIC (same as GroupsA and B). 

Different methods of preventing ignition of a flammable vapor in the area are used when wiring is 
installed according to Article 505. Intrinsically safe equipment cannot release enough energy to ignite a flam- 
mable vapor, and it would have a protection system designation of ia or ib. The term explosion proof is not 
generally used with respect to wiring installed according to Article 505. The corresponding term is flame- 
proof, which carries a protection system designation d. 

Flameproof protection is identified by the letter d. Type d equipment is permitted to be installed in 
Zone 1 areas and is designed to withstand an internal explosion without causing the ignition of the vapors 
surrounding the equipment. 
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Figure 9.3 Markings on equipment suitable to be installed in a Class | hazardous location under the zone sys- 
tem shall be marked with the class, zone, United States specification symbol, protection system designation 
employed, vapor group, and temperature classification. 


Equipment type known as p is purged and pressurized. This type of equipment reduces the chance of the 
possible ignition of the surrounding flammable gases such as with the ventilation of air from an unclassified 
location. Purged and pressurized equipment is permitted to be installed in Zone 1 and 2 hazardous locations. 

Intrinsic safety equipments are identified by two different designations. Type ia is an intrinsically safe 
equipment, which is intended for use in a Zone 0 location, while type ib is the intrinsically safe equipment 
but is designed for Zone 1 locations. Equipment identified with the designation ia or ib is an associated appa- 
ratus such as a barrier which is connected to their respective intrinsically safe equipment but is generally not 
installed in the classified area. 

Equipment that is provided with type n protection is permitted to be installed in Zone 2 locations. This 
type of equipment is designed in a manner such that it is not capable of igniting a surrounding hazardous 
vapor. Furthermore, type n equipment is broken down into three subcategories— nA, nC, and nR. The sub- 
categories represent different design characteristics of the equipment or enclosures. 

Protection provided by oil immersion is identified by the letter o. Through the use of this type of pro- 
tection, the electrical equipment or part of the equipment is immersed in a nonflammable liquid. Any spark 
or arc from this type of equipment cannot ignite the surrounding vapors or gases. This type of equipment is 
intended to be installed in a Zone 1 location. 

Type e equipment is known as increased safety equipment. This type of equipment can be installed in 
Zone 1 hazardous locations. This type of equipment is characterized by those not producing any arcs or 
sparks under normal operating conditions. Also, measures are taken to reduce the likelihood of surface tem- 
peratures of the equipment being of a level that would ignite the surrounding hazardous vapors or gases. 

Encapsulation, type m equipment, is approved for Zone 1 locations. With this type of protection, arc 
producing contacts are encased in a compound so that any resultant arc could in no way ignite gases or 
vapors surrounding the enclosure. 

Powder-filled protection, type q, is very similar to encapsulation except that a filling powder surrounds the 
spark producing contacts rather than a rigid compound. Type q equipment is for installation in Zone 1 locations. 

NEC®501.1is the key for wiring in a Class! hazardous location. An area described as Class I, Division 
1 or 2 according to 500.5(B) is to be wired in accordance with the rules of the Code and as modified by 
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Article 501. As pointed out in the fine print note to 501.1, if the Class | area is subdivided into zones rather 
than divisions, then the rules of Article 505 shall apply. Therefore, wiring in a Class | location is permitted 
to be selected and installed in accordance with either Article 501 or Article 505. NEC® 505.7(B) is a pre- 
caution for instances when a structure or location is classified by both the zone and division system. Class |, 
Zone 0 or Zone 1 classified areas are not permitted to border Class |, Division 1 or Division 2 locations. It 
is permitted for a Class |, Zone 2 location to border, but not overlap, a Class I, Division 2 location. This is 
illustrated in Figure 9.4. There is an additional requirement if the class location is to be installed according 
to Article505.A qualified person is required to supervise the definition of zone boundaries, equipment selec- 
tion, and wiring system selection according to 505.7(A). 

Article 506 is an alternate method of installing wiring and electrical equipment in a Class I! or a Class 
Il] hazardous location. This is an installation method that can be used in place of Article 502 for Class || 
wiring or Article 503 for Class III wiring. When using this alternate method, flammable dusts, fibers, and fly- 
ings are treated the same with respect to rules for wiring. Combustible metallic dusts (Group E) are not cov- 
ered by this alternate method, and for those areas it will be necessary to apply the rules of Article 502. Types 
of materials are not subdivided into groups as they are with dusts of different characteristics for Article 502. 
With Article 506, dusts, fibers, and flyings are categorized according to degree of hazard. If a condition will 
occur where a combustible concentration of the material exists all of the time or for extended periods of time, 
that condition is considered a Zone 20. If a combustible accumulation or suspension is likely to occur, then 
those areas are considered Zone 21. In areas where a condition of combustible accumulation is not likely 
to occur, but is possible under unusual or accidental circumstances, then that area is considered to be a 
Zone 22. Classification of Zones with examples is discussed in 506.5. 

Wiring and electrical equipment installation in areas where there is a combustible dust or a combustible fiber 
and flying accumulation is treated differently in Artide502 from Article 503. Equipment such as motor controllers 
is required to have a marking similar to that shown in Figure 9.3 with the difference that the Class | is not present 
and a safe temperature operating range is required to be listed on the equipment, such as - 20°C to +40°C. The 
ambient temperature of the area where the equipment is to be installed is required to be within the listed range. It 
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Figure9.4_ When some Class | wiring in a facility is wired according to Artide 501 and other areas are wired to 
Artide 505, Division 1 and Zone 0 and 1 locations are not permitted to border each other, but Division 2 and 
Zone 2 areas are permitted to border each other. 
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is required in 506.6(A) that design of the equipment layout and wiring system, selection of equipment and 
materials, installation, and inspection is to be performed by qualified personnel. In the case of a Zone system 
applied to a Class | area, the design, selection of equipment and materials, and installation are to be performed 
under the supervision of aR egistered Professional Engineer. Wiring and equipment installed in a facility using 
Article 502 or Article 503, according to 506.6(B), are not permitted to overlap with or even adjoin wiring 
installed according to Article 506 except that a Class I!, Division 2 or a Class III, Division 2 area is permitted 
to be located next to a Zone 22 area. This is a similar rule as shown in Figure 9.4. 

The rules for the selection and installation of equipment such as motors, luminaires (lighting fixtures), 
controllers, heaters, transformers, and the like are much more detailed in Article 502 and Article 503 than in 
Article 506, and the rules are not necessarily equivalent. Wiring methods and materials are also different. F or 
example, Electrical M etallic Tubing is permitted to be used as a wiring method in a Class III, Division 1 loca- 
tion using Article 503, but is not permitted in that same location if classified into Zone 20 or Zone 21 using 
Article 506. If sealing of the wiring system is judged to be necessary, the seal shall be identified. No such 
requirement applies when installing wiring using Article 503. The rules for grounding and bonding are the 
same for wiring installed using Article 502, Article 503, or Article 506. 

Article 510is a short article that states that Articles 511 through 516 apply to special occupancies where 
hazardous areas exist. It also states that the general provisions of the Code apply, unless specific requirements 
are given in the article that apply to the type of occupancy. 

Article 511 applies to commercial garages where repair is done to automobiles and other combustion 
motor equipment. The hazardous locations are defined, and the wiring methods permitted in those hazardous 
areas are described in Article 501. Special requirements are placed on the installation of luminaires (lighting 
fixtures) above a hazardous area. When wiring is installed in these facilities, as much wiring as possible is 
located outside of the hazardous area to reduce the cost of the installation. 

Article 513 covers the requirements for installing wiring in an aircraft hangar. There are similarities 
in the requirements for a commercial garage. The hazardous area includes a larger portion of room 
because of the height of aircraft and the location of fuel tanks in the wings. The wiring methods permit- 
ted for the hazardous areas are described in Article 501. Raceways within or beneath a hangar floor are 
considered to be a part of the Class | area above the floor by 513.8 and 514.9. This means conduits emerg- 
ing up through the floor into the Class | area above are not considered to be crossing a classification bar- 
rier and are, therefore, not required to be sealed. If, however, those conduits leave the classified area and 
emerge into an area of a different division or an unclassified area, those conduits are required to be sealed. 

Article 514 covers the classification and specific wiring requirements for gasoline dispensing and ser- 
vice stations. It is important to be familiar with the type of equipment used in these areas. NEC ® 514.3(B)(1) 
describes the boundaries of the hazardous areas for Class I, liquids. Flammable gases such as compressed nat- 
ural gas or liquified petroleum have the limits of the boundaries described in 514.7(B)(2). For example, in the 
case of a gasoline dispenser, the space within the dispenser is considered to be a Class |, Division 1 hazardous 
location. The space in all directions horizontally from the dispenser and down to the grade level is considered 
to be a Class |, Division 2 location. This Division 2 location extends outward from the dispenser 20 ft (6 m) in 
all directions and up to a height of 18 in. (450 mm) above grade level. This is illustrated in Figure 9.5. Fora 


18 IN. (450 MM) 


18 IN. (450 my | 


[18 IN. (450 MM) 


NEC® 514.9(A) 
SEALS 


Figure9.5 Thelimits of the hazardous locations for a gasoline dispensing unit are found in C ode Tale 514,3(B)(1). 
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dispensing unit, 514.11(A) requires that each circuit conductor be wired so that the disconnecting means opens 
all of the wires, including a neutral conductor. 

Article 515 covers wiring installed in hazardous areas around bulk storage plants. This is an area where 
gasoline or other volatile flammable liquids are stored in tanks or distributed by container, rail car, tank vehi- 
cle, or ship. The boundaries of the hazardous area are described in Table 515.3. 

Article 516 applies to the wiring installed in the area of spray application, dipping, and coating processes. 
A paint spray area is a typical application. The boundaries of the hazardous location are described in 516.3. AI 
dimensions are described in this section and shown in Figure 516.3(C)(1), Figure 516.3(C)(2), and Figure 
516.3(C)(4) of this Article 516. In the case of a dipping process, it is important to make a determination of the 
point where the object that was dipped is no longer considered to be a vapor source. The definition of a vapor 
source is found in 516.3(C)(4). The limits of the hazardous location for an open tank dipping process are shown 
in an illustration of an open tank dipping process in Figure 516.3(C)(5). Frequently, it is possible to locate 
wiring, controls, motors, and lighting fixtures outside of the hazardous area. 


HAZARDOUS LOCATION WIRING FUNDAMENTALS 


The first step for wiring in a hazardous location is to determine the type of material that makes the area 
hazardous. Next, determine if the type of facility is considered to be a special occupancy, which is described 
in one of the articles of the Code, for example, a paint spray booth or a motor vehicle fuel-dispersing station. 
Then it will be possible to determine the areas classified as hazardous. A chieving a safe and low-cost wiring 
system is the result of locating as much electrical equipment as possible out of the hazardous area. In the 
case of an industrial process, chemicals may be involved that require the assistance of officials or engineers 
other than the electrical inspector to determine the type of hazard. The National Fire Protection Association 
has additional publications that deal with most materials that would result in an area being classified as a 
hazardous location. 


Types of Hazardous Locations 


The types of hazardous materials are described in Article 500, Article 505, or Article 506 with specific 
wiring requirements for each class covered in Articles 501, 502, 503, 504, 505, and 506. 


* Class | Groups A,B, C, and D, ignitable gas or vapor 

* Class | Groups IIC, IIB, and IIA, ignitable gas or vapor 
* Class II Groups E, F, and G, combustible dust 

* ClasslIll Easily ignitable fibers or flyings 


Explosion characteristics of different air mixtures of flammable vapors are different; therefore, flam- 
mable vapors are separated into GroupsA, B, C, and D when the wiring is installed according to Article 501, 
and the same vapors are separated into Groups IIA, IIB, and Il1C when the wiring is installed according to 
Article 505. The Code does not provide a list of typical vapors that fall into each group. Instead, the Code 
gives one typical example of a vapor in each group. For Groups B, C, and D, vapors are placed according to 
ignition performance tests. The Code uses maximum experimental safe gap (MESG) and minimum ignition 
current (MIC) ratio to place vapors into the groups. Pressure of the vapor air mixture is an important factor 
with respect to flammability. One criteria is the maximum experimental safe gap under test conditions 
between adjacent metal parts. Another criteria is the minimum current to cause ignition. The ignition char- 
acteristics of some common materials such as gasoline are well-known, and specific requirements can be 
established for the installation of wiring. For other materials, special training may be needed. A summary of 
the Groups A, B, C, and D is shown in Table 9.1, along with the MESG and MIC ratio for each group. 

Once the hazardous material has been identified, the degree of hazard must be determined. A Division 1 
area is one in which the hazardous material is likely to be present. A Division 2 area is one in which, under 
normal operating conditions, a hazardous material is present in dangerous quantities only under accidental spills 
or other unusual circumstances. The final condition is the nonhazardous area. The division line between haz- 
ardous and nonhazardous may be a physical barrier, or it may simply be a distance limit. Class | zones were 
discussed earlier in this unit. 
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Table 9.1 Group designations for flammable vapor air mixtures that apply when wiring is installed 
according to Artide 50L 


2005 Code 1996 Code 
Group MESG MIC ratio vapor list vapor list 
A 
or NA NA Acetylene Acetylene 
IC 
Gases containing 
B more than 30% 
or Less than or Less than or Hydrogen hydrogen by volume: 
IC equal to 0.45 mm equal to 0.4 butadiene, ethylene 
oxide, propylene 
oxide, and acrolein 
Cc Greater than 0.45 Greater than 0.4, 
or mm, but less than but less than or Ethylene Ethyl, ether, ethylene 
IIB or equal to 0.75 mm equal to 0.8 
Acetone, ammonia, 
benzene, butane 
D cyclopropane, 
or Greater than Greater than 0.8 Propane ethanol, gasoline, 
IA 0.75 mm hexane, methanol, 
methane, natural gas, 
naphtha, and 
propane. 


Ratings of Equipment 


Electrical equipment other than conduit, wire, and some fittings will be marked if suitable for haz- 
ardous locations. The equipment shall be marked with the class and the group of hazardous material. The 
National Electrical Manufacturers Association (NEMA) has established a numbering system for different 
types of enclosures. Typical motor and control enclosure designations for hazardous locations are listed 


as follows: 
* Class | Hazardous gas or vapor 
NEMA 7 explosion-proof enclosure 
* Class II Flammable dust 


NEMA 9 dust-ignition-proof enclosure 
M otors are permitted to be totally enclosed pipe-ventilated 
* Class Ill | Flammable flyings and fibers 
NEMA 4, and NEMA 12 dusttight enclosure 
Motors are permitted to be rated totally enclosed, totally enclosed pipe-ventilated, or totally 
enclosed fan-cooled 


Objectives of Explosionproof Enclosures 


An explosionproof wiring system is installed in Class | hazardous locations. The wiring system is 
installed with the assumption that it is impossible to prevent the entry of the hazardous gas or vapor into the 
wiring system. A flammable mixture of gas or vapor and oxygen may accumulate in a heat-producing or an 
arc-producing portion of the wiring system, such as a switch. The distance from the enclosure to the seal is 
not permitted to be greater than 18 in. (450 mm). If the raceway is trade size 2 (53) or larger in diameter, and 
the enclosure contains splices, taps, or terminations, then it is also required to provide a seal within 18 in. 
(450 mm) of the box or enclosure. Seals installed in conduit entries to enclosures limit the internal combus- 
tion to a small portion of the wiring system, as shown in Figure 9.6. 

It is, therefore, assumed that an internal explosion cannot be prevented. The explosion produces 
extreme internal pressure. The enclosure, seals, conduit, and fittings shall have sufficient strength to 
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: fe IN. (450 MM) MAXIMUM 
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INTERNAL 
EXPLOSION 


NEC® 501.15(A)(1) 


Figure 9.6 Seals confine combustion in the wiring system to a limited portion of the electrical system. 


withstand the pressure of the internal explosion. This is why Rigid Metal Conduit or Intermediate M etal 
Conduit (IMC) is required, and why joints must have a minimum of five threads fully engaged. This is also 
why explosionproof enclosures are so massive. Therefore, it is absolutely necessary to install all bolts and 
screws on enclosure covers. 

Heat is produced during an internal explosion, and this heat will raise the outside surface temperature 
of the enclosure. This surface temperature shall be kept below the ignition temperature of the gas or vapor 
on the outside, or an explosion is likely to occur. This is another reason why explosionproof enclosures are 
so massive. There must be enough metal mass to absorb the heat of the internal explosion. 

The high pressure developed during an internal explosion will cause the ignition gases to eventually 
escape through joints and threads. The covers and threads shall be tight enough to retard the leakage of prod- 
ucts of combustion. If leakage is too fast, the escaping gas will be hot enough to ignite the vapor on the out- 
side. Therefore, slowly escaping gas will cool before it gets to the outside, as shown in Figure 9.7. All threaded 
joints must be tight, with at least five threads engaged. Machined metal surfaces must be clean with no 
scratches. A grain of sand on the machined surface of a cover, or a scratch, will allow hot gas to escape, and 
an external explosion may occur. 


Sealing Fittings 

The thickness of the compound in a Class | sealing fitting is specified in 501.15(C)(3). The minimum 
thickness of the sealing compound is not permitted to be less than the trade size of the sealing fitting. The min- 
imum thickness under any circumstances is 5/8 in. (16 mm). If a sealing fitting is made for trade size 3/4 (21) 
conduit, then the minimum sealing compound thickness in the sealing fitting is trade size 3/4 (21). This is illus- 
trated in Figure 9.8. If a trade size 1 (27) sealing fitting is used with trade size 3/4 (21) conduit, using a reducer 
at the fitting, the minimum thickness of sealing compound in the fitting is now trade size 1 (27). 

Itis also important to make sure the conductors are separated so that the sealing compound will flow 
around each conductor, leaving no voids for vapor to pass. To help in the separation of conductors in the 


TSIDE 
+ OUTS 
MACHINED 
va 
OUTSIDE INSIDE 5 THREADS MINIMUM 
| \ NEC® 500.8(E) AND 505.9(E) 
INSIDE ve 


Figure 9.7 Explosionproof equipment is designed to absorb the heat from escaping combustion vapors through 
the threads or a metal surface machined to a specified clearance. 
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NEC ®501.15(C)(6) MAXIMUM CONDUCTOR FILL 
FOR A SEALING FITTING IS 25% 
OF EQUIVALENT RIGID METAL 
CONDUIT TRADE SIZE 


+— TRADE SIZE 1 CONDUIT (27) 


MAXIMUM FILL 
25% 
NEC ®501.5(C)(3) 
+— TRADE SIZE 1 SEAL (27) 
MINIMUM 
COMPOUND 
THICKNESS 


Figure9.8 Standard C lass | sealing fittings are rated for 25% fill and the thickness of the sealing compound is 
not permitted to be less than 5/s in. (16 mm) or the trade size of the sealing fitting. 


sealing fitting, standard fittings are listed for only 25% fill. This means that the total cross-sectional area of 
the conductors is not permitted to exceed 25% of the cross-sectional area of the sealing fitting based on the 
cross-sectional area of Rigid M etal Conduit as listed in Table 4in Chapter 9. This would mean that the 1M C 
or Rigid M etal Conduit is permitted to be filled to only 25% of the conduit cross-sectional area. There are 
some ways around this problem. There are sealing fittings rated for 40% fill. Another solution is to use an 
oversized sealing fitting with reducers. The following example will show how to determine the minimum 
size of sealing fitting required for a particular installation. 


Example 9.1 Four size 6 AWG, Type THWN conductors are run to an explosion-proof enclosure 
where a sealing fitting is required to be installed within 18 in. (450 mm) of the enclosure. Determine 
the minimum trade diameter sealing fitting required for this installation. 


Answer: Look up the cross-sectional area of size 6 AWG, Type THWN conductors in Table 5 in 
Chapter 9 and find 0.0507 sq. in. Next, multiply the individual conductor cross-sectional area by 4 to 
get the total cross-sectional area of the conductors (4 x 0.0507 in.? = 0.2028 in.?). There is no 25% 
cross-sectional area column in Table 4in Chapter 9, so divide the cross-sectional area of the wires by 
0.25 to get the minimum total cross-sectional area of the fitting required, which in this case is 0.8112 
sq. in. (523.2 mm?) (0.2028 + 0.25 = 0.8112 in.?). Now go to the 100% cross-sectional area column of 
the Rigid M etal Conduit section of Table 4in Chapter 9 and find a size that is not smaller than 0.8112 
sq. in. (523.2 mm?), which is trade size 1 (27). 


4 X< 0.0507 in.’ = 0.2028 in 
(4 x 32.71 mm? = 130.8 mm’) 
0.2028 in. / 0.25 = 0.8112 in 
(130.8 mm? / 0.25 = 523.2 mm’) 


The conduit is permitted to be sized according to a 40% fill. The total cross-sectional area of the 
conductors in this example is 0.2028 sq. in. Look up the minimum trade size conduit from the 40% fill 
column of Table 4 and find trade size 3/4 (21). It is permitted to use trade size 3/4 (21) Rigid M etal 
Conduit in this case with a trade size 1 (27). sealing fitting and an explosion-proof reducer from trade 
size 1 to 3/4 (27 to 21). 


Since the maximum permitted cross-sectional area of the wires passing through a sealing fitting is 
based upon the cross-sectional area of Rigid Metal Conduit of the same trade size, Table 9.2 was created 
showing 25% of the cross-sectional area of the sealing fitting. Referring to Example 9.1, the four wires have 
a total cross-sectional area of 0.2028 sq. in. Using Table 9.2, it is easy to see that a trade size 1 in. sealing 
fitting is required. 
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Table 9.2 Allowable wire fill area for standard sealing fittings (based on RMC trade size area) 


Cross-Sectional Area 


Sealing Fitting 25% 100% 
Trade Size sq. in. sq.mm sq. in. sq.mm 

5/4 (21) 0.137 88 0.549 353 
1 (27) 0.222 143 0.887 573 
11/4 (35) 0.382 246 1.526 984 
11/2 (41) 0.518 333 2.071 1333 
2 (53) 0.852 550 3.408 2198 
2'/2 (63) 1.217 784 4.866 3137 
3 (78) 1.875 1210 7.499 4840 
31/2 (91) 2.503 1615 10.010 6461 
4 (103) 3.221 2079 12.882 8316 
5 (129) 5.053 3263 20.212 13050 
6 (155) 7.290 4705 29.158 18821 


Equipment Grounding and Bonding 


Grounding is extremely important in hazardous locations. Extra care must be taken to make sure the 
grounding path is of low impedance. An adequate grounding system will conduct current without allowing 
the enclosure of the equipment to develop a voltage above ground. This is important to prevent the case of 
the electrical equipment from arcing to ungrounded metal equipment and structural supports. A normally 
harmless static or small fault-induced arc can cause an explosion in a hazardous location. 

Itis also important that all threaded connections be made wrenchtight to prevent arcing at the joint 
in the event the conduit and metal enclosures are needed to conduct fault current. An arc at a loosely 
joined conduit connection can cause an explosion. Special bonding requirements are also required at cer- 
tain areas of hazardous locations, as shown in Figure 9.9. Double locknuts are not permitted to serve as 
the equipment grounding for a circuit in a hazardous location. It is necessary to bond directly from con- 
duit entries into an enclosure even if the enclosure is not in the hazardous area. Code Articles 501.30(A), 
502.30(A), 503.30(A), 505.25(A) and 506.25(A) cover the special bonding requirements for wiring to 
hazardous locations. 


Dust-Ignitionproof Equipment 

The principle of installing wiring in a Class II area is to prevent the entry of flammable dust. Dust is a 
solid material that is heavier than air. Gaskets will prevent the entry of dust particles. In calm air, dust will set- 
tle. If dust is prevented from entering heat- and arc-producing parts of the wiring system, a fire or explosion 
will be prevented. 


BONDING REQUIREMENTS FOR WIRING IN CLASSIFIED LOCATIONS ARE 
FOUND IN NEC®501.30(A), 502.30(A), AND 503.30(A), 505.25(A), AND 506.25(A) 


NONCLASSIFIED 
AREA 
om PULL BOX 
{ 
CLASSIFIED 
AREA 
— 
BONDING seuste 
wUMrEr LOCKNUTS 


Figure 9.9 Double locknuts are not considered adequate bonding for conduit systems supplying wiring in a 
hazardous location and, therefore, special bonding is required even in the nonhazardous area. 
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Enclosures for Class || areas are not required to be of equally heavy construction as Class | enclosures. 
Seals are not required to isolate arc- and heat-producing components. Sealing is required simply to prevent 
the entry of dust. The same extra care taken to ensure a good grounding system is required because arcs, due 
to poor bonding, can set off a general explosion if a fault occurs. 


Flammable Fibers and Flyings 


The primary problem in these types of facilities is to prevent the entry of heavier-than-air fibers and 
flyings such as cotton, textile fibers, and dry wood fibers. Enclosures generally have hinged doors with a 
latch and a gasket around the edges of openings. Enclosures and equipment must be selected to prevent the 
surface temperature from rising above the ignition temperature of the fibers or flyings that may collect on the 
enclosure. This temperature limitation must be achieved even when fibers and flyings have accumulated in 
layers on wiring and equipment. 


Special Occupancies 


The general wiring requirements for hazardous locations are provided in Code Articles 501, 502, 503, 
504, and 505. Later articles provide special wiring requirements and rules for determining the hazardous 
classified area. An example of a special occupancy with rules to define the extent of the hazardous locations 
is an automobile repair facility that also serves motor vehicles that run on compressed natural gas or other 
lighter-than-air fuels. In such an area, according to 511.3(B)(4), the area 18 in. (450 mm) down from the ceil- 
ing, as well as the area 18 in. (450 mm) above the floor, is considered to be a Class I, Division 2 hazardous 
location as illustrated in Figure 9.10. 

The local electrical inspector, building code, or other organizations or agencies will provide additional 
requirements for types of hazardous facilities not specifically covered in the Code. Some manufacturers of elec- 
trical equipment and wiring materials for installation in hazardous locations publish excellent literature that is 
helpful when installing wiring in hazardous areas. 

The earth below a Class | hazardous location of a motor fuel-dispensing facility is no longer considered 
to be a Class | hazardous location. There is, however, a requirement that any conduit emerging from the ground 
be sealed within 10 ft (3.05 m) of the point of emergence, as illustrated in Figure 9.11. Also, there shall be no 
coupling, fitting, box, or union between the point of emergence and the seal, except that a listed explosion-proof 
reducer at the seal is permitted. The wiring is required to be threaded Rigid M etal Conduit or threaded steel 
Intermediate M etal Conduit. Exception 2 of 514.8 does permit Rigid Nonmetallic Conduit for the portion of the 
run that is at least 2 ft (600 mm) below grade. 

In the case of a commercial garage, a raceway embedded in a masonry wall adjacent to a Class | area, 
or buried under a concrete floor above which is a Class |, Division 2 area is not considered to be in the Class | 


NEC®511.3(B)(4) VEHICLES USING COMPRESSED 
NATURAL GAS AS A FUEL ARE REPAIRED 


18 IN. (450 MM) 


CLASS |, 
DIVISION 2 COMMERCIAL 
REPAIR 
GARAGE 


| 18 IN. (450 MM) 


VAAN 
NAAN 


7007 
71TT 


Figure9.10 Commercial garages that repair vehicles using compressed natural gas or other lighter-than-air fuels 
have the area 18 in. (450 mm) down from the ceiling in the service area classified as a Class 1, Division 2 location. 
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Figure 9.11 The earth beneath the Class I, Division 2 area of a motor-fuel- dispensing station is considered an 
unclassified area; however, there are requirements placed on the sealing of any conduit passing through the earth 
beneath the classified area. 


area. Rigid nonmetallic conduit is permitted to be run under the floor of the auto repair area of a commercial 
garage, and there is no depth requirement. Rigid Nonmetallic Conduit is not permitted to be installed in a Class 
|, Division 2 hazardous area. If arun of Rigid Nonmetallic Conduit emerges up through the concrete floor above 
which is a Class I, Division 2 area, Rigid Nonmetallic Conduit is not permitted to be within 2 ft (600 mm) of 
grade, and that portion of the conduit run less than 2 ft (600 mm) must be Rigid M etal Conduit or Intermediate 
M etal Conduit. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC ® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide500 Hazardous Locations, Classes I, II, and II1, Divisions 1 and 2 


When arulein this Articleis derived from another NFPA standard, the specific reference in that other stan- 
dard is listed at the end of the section. 

500.7(K ): When combustible gas detection equipment is used as a protection technique, it is now required 
to be listed for Class | and the appropriate Division for which it is intended to be used in addition to 
being listed for the specific gas for which it is intended to detect. 

500.8(A ): This is a new section that gives a recommendation as to the criteria for judging the suitability of 
equipment for installation in a particular classified location. Some equipment suitable for use may not 
be listed and labeled. 


Artide501 Class! Locations 


501.10(B )(7): Schedule 80 PV C and reinforced thermosetting resin conduit (RT RC) with suffix -X W is now per- 
mitted for some Class I, Division 2 locations where corrosion of metallic conduits can be an issue. These 
installations are limited to industrial locations with limited public access, and the facility is maintained only 
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CLASS |, DIVISION 1 CLASS I, DIVISION 2 


aE ae =|) eo Roe SCHEDULE 80 PVC 
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501.10(B)(7) INDUSTRIAL ONLY 
PERMITTED WHERE CORROSION 
OF METAL IS A PROBLEM 


SEAL MUST BE ON 
DIVISION 2 SIDE 


Figure 9.12 In an industrial area with restricted access to the public and a supervised staff to maintain the 
wiring, where corrosion is a problem with metal conduit, it is now permitted to use schedule 80 PVC and RTRC 
rigid nonmetallic conduit with suffix - XW in Class 1, Division 2 areas and Zone 2 areas where the seal is installed 
on the Division 2 or Zone 2 side of the boundary. 


by supervised qualified personnel. When a conduit run extends from a Division 1 to a Division 2 area, the 
wiring method used in the Division 1 area shall extend into the Division 2 area up to the point of the 
required sealing fitting. The sealing fitting shall be located in the Division 2 area, as shown in Figure 9.12. 


Artide 502. ClassII Locations 


502.120(B )(2): Effective J anuary 1, 2011, transformers and resistors installed in a Class I1, Division 2 loca- 
tion will be required to be mounted in a dusttight enclosure. Present enclosures are not required to be 
dusttight; they must be tight metal housings without ventilation openings. 

502.150(B )(1): M eters, instruments, and relays used with signaling, alarm, remote-control, and communica- 
tions systems presently are only required to be installed in enclosures that minimize entrance of dust 
and have no openings through which sparks or burning materials can escape. After January 1, 2011, 
these meters, instruments, and relays will be required to be housed in dusttight enclosures. 


Artide504_ Intrinsically Safe Systems 


504.2: There is a new sentence added to the fine print note for the definition of simple apparatus. This is 
important because something considered a simple apparatus is one that produces too little energy to be 
considered a hazard and therefore is not required to be listed for use as a part of an intrinsically safe 
system. Simple single-component electrical devices that are capable of storing energy such as a capac- 
itor or inductor are permitted to be used as a part of an intrinsically safe system as a simple apparatus, 
provided their ability to store energy is considered into the design of the system. 

504.10(A) FPN No. 2: This new fine print note is a reminder that components of an intrinsically safe system 
that are not rated for amaximum shot circuit input test of 250 volts may in some systems require addi- 
tional over-voltage protection. The issue is that if a high voltage fault is introduced at the input of an 
apparatus such as a barrier, the output terminals of the device will not reach a voltage that could result 
in an ignition condition in an intrinsically safe circuit. 

504.30(A )(1) Exception 2 & 3: These are two new exceptions to the rule that intrinsically safe circuits are 
not permitted to be installed in the same raceway or cable tray with circuits that are not intrinsically 
safe. These exceptions point out that if the rules of separation stated in 504.30(B) are followed, ina 
Division 2 or Zone 2 location these intrinsically safe circuits are permitted to share the same raceway, 
cable tray, or cable with circuits that are not intrinsically safe. 

504.30(A )(2): Within an enclosure, there are likely to be both circuits that are intrinsically safe and some that 
are not intrinsically safe. The previous edition of the Code required that these conductors be kept sep- 
arated by a distance of not less than 2-in. (50 mm). That is not always practical. The change is that now 
there are several alternative methods of maintaining separation of conductors without requiring a 2-in. 
(50 mm) separation. These methods are by use of a metal partition, an approved insulating barrier, or 
one of the sets of conductors, intrinsically safe or non-intrinsically safe, be run in metal clad or shielded 
cable where the cable sheath is capable of acting as a fault current path. 
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504.50(B ): In the previous edition of the Code, it was required that cable shields be grounded. It was the intent 
that associated apparatus be grounded, but that was never stated. Now it is stated that associated appa- 
ratus must be grounded. 

504.70: Since intrinsically safe circuits are not capable of causing an ignition in a classified area, the seal 
that is required is not required to be explosion-proof when these circuits pass from a Division 1 to a 
Division 2, a Division 2 to an unclassified area, or from a Division 1 to an unclassified area. The pur- 
pose of the seal is to prevent the passage of flammable vapors or dust. A new requirement was added 
stating that the seal is required to be accessible and identified for the purpose. 


Artide505 Class!, Zone 0, 1, and 2 Locations 


505.7(A ): Area classification, installation design, selection of wiring methods and equipment, installation, 
and inspection are to be performed by persons who are qualified, but no longer does the Code require 
that they be R egistered Professional Engineers. However, local ordinances, or even the facilities owner, 
may require that some of these tasks be performed by a licensed engineering firm. This Article applies 
to Class | areas installed using the Zone system. 

505.8(H): Equipment that is encapsulated and marked “ma” is permitted to be installed in a Class |, 
Zone 0, Zone 1, or Zone 2 location. The encapsulation prevents any internal arcing or any internal heat- 
ing from reaching the flammable vapor to cause an ignition. 

505.8(1): Equipment that is encapsulated and marked “mb” is permitted to be installed in a Class 1, Zone 1, 
or Zone 2 location. The encapsulation prevents any internal arcing or any internal heating from reach- 
ing the flammable vapor to cause an ignition. 

505.8(K ): A combustible gas detection system is permitted in certain cases to serve as a means of protection, but 
now there is the requirement that the detection equipment be listed for the particular gas to be detected. 

505.9(F): This section recognizes fiber optic cable assemblies that contain conductors capable of carrying 
current and specifies how these cable assemblies are to be installed in a classified area. 

505.15(C)(1)(g): Schedule 80 PVC and reinforced thermosetting resin conduit (RTRC) with suffix -X W is 
now permitted for some Class 1, Zone 2 locations where corrosion of metallic conduits can be an issue. 
These installations are limited to industrial locations with limited public access, and the facility is 
maintained only by supervised qualified personnel. When a conduit run extends from a Zone 1 to a 
Zone 2 area, the wiring method used in the Zone 1 area shall extend into the Zone 2 area up to the point 
of the required sealing fitting. The sealing fitting shall be located in the Zone 2 area in a similar man- 
ner as shown in Figure 9.12. 

505.17(6): In a Class 1, Zone 1, and Zone 2 area, flexible cords are permitted, and they can be terminated at 
an enclosure rated as “e” increased safety. There were no rules on how this flexible cord was to be ter- 
minated, and now it is required that the termination be also rated as “e” increased safety. 


Artide506 Zone 20, 21, and 22 Locations for C ombustile Dusts or I gnitible Fibers/Flyings 


506.2: Several new definitions of protection types are provided; they are protection by encapsulation “mD,” 
protection by enclosure “tD,” protection by intrinsic safety “iD,” and protection by pressurization 
“oD.” 

506.8(E ): An encapsulation system of protection marked “maD” is permitted for equipment installations in 
Zone 20, Zone 21, and Zone 22 locations. 

506.8(F): An encapsulation system of protection marked “mbD” is permitted for equipment installations in 
Zone 21 and Zone 22 locations. 

506.8(1): A protection by enclosure system of protection marked “tD” is permitted for equipment installa- 
tions in Zone 21 and Zone 22 locations. 

506.8(}): A protection by pressurization system of protection marked “pD” is permitted for equipment 
installations in Zone 21 and Zone 22 locations. 

506.8(K ): A protection by intrinsic safety system of protection marked “iD” is permitted for equipment 
installations in Zone 20, Zone 21, and Zone 22 locations. 

506.9(C)(2): This section is new, and it specifies the markings that are required on equipment intended to be 
installed in Zone 20, Zone 21, and Zone 22 locations. It is to be marked AEx to indicate it is built to 
American standards, the protection technique from Table 506.9(C)(2)(2), the Zone for which it is per- 
mitted to be installed, the temperature classification from Table 500.8(C), and if the ambient tempera- 
ture range is other than —20°C to +40°C, then state the upper and lower ambient temperature limits for 
which it is suitable. An example of these markings on an enclosure is shown in Figure 9.13. 
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506.9(C)(2) LABEL TO 
INDICATE PERMITTED 
USE REQUIRED 


Figure9.13_ In an area designated as Zone 20, Zone 21, or Zone 22, it is required to provide markings on equip- 
ment that indicate protection technique, Zone, and temperature limitation. 


Table 506.9(C)(2)(2): This new table lists protection techniques, their designations, and the Zone for which 
each it permitted to be installed. 

506.9(F): This section recognizes fiber optic cable assemblies that contain conductors capable of carrying 
current and specifies how these cable assemblies are to be installed in a classified area. 


Artide511 Commercial Garages, Repair and Storage 


When a rule in this Articleis derived from another NFPA standard, the specific reference in that other stan- 
dard is listed at the end of the section. 

511.2: Two new definitions were added to distinguish between a major automotive repair facility and a minor 
repair facility. A major difference is that for a major repair facility, there may be painting and draining 
of fuel tanks. These definitions are used in the following section that defines the extent of the classi- 
fied hazardous areas within the building. 

511.3: This section specifies the limits of the Class !, Division 1 and Division 2 areas of a commercial garage 
or facility where lubrication and minor repairs are performed on motor vehicles. The entire section was 
reorganized and basically separated into descriptions of facilities that perform major repairs and those 
that perform minor repairs. There are actually no changes in the rules. 


Artide513 Aircraft Hangars 


513.2: There are aircraft hangars that are used exclusively for painting aircraft and are provided with unique 
ventilation systems. This is a new definition to separate such a facility from other types of aircraft 
hangars. The building is basically a giant spray booth for uniquely shaped objects, and there is con- 
siderable space inside the facility that is not near the aircraft and the spraying operation. 

513.3(C)(2): This new section defines the limits of the classified hazardous area within the aircraft painting 
hangar. The dimensions would be determined based upon the largest aircraft that would be placed into 
the facility. Any area horizontally within 10 ft (3 m) of the aircraft from the floor up to a height of 
10 ft (3 m) above the aircraft is considered to be a Class I, Division 1 or Zone 1 classified area. The 
Class |, Division 2 or Zone 2 classified area extends out an additional 20 ft (6 m) horizontally and 
vertically from the boundary of the Division 1 or Zone 1 area. Large portions of the interior of the 
hangar are not considered to be within the classified hazardous area. 


Artide514 Motor Fuel Dispensing Facilities 


When a rule in this Articleis derived from another NFPA standard, the specific reference in that other stan- 
dard is listed at the end of the section. There were no significant changes to these rules. 
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Artide515 Bulk Storage Plants 

When a rule in this Articleis derived from another NFPA standard, the specific reference in that other stan- 
dard is listed at the end of the section. There were no significant changes to these rules. 

Artide516 Spray Application, Dipping, and C oating Processes 


When a rule in this Articleis derived from another NFPA standard, the specific reference in that other stan- 
dard is listed at the end of the section. There were no significant changes to these rules. 
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WORKSHEET NO. 9— BEGINNING 
HAZARDOUS LOCATION WIRING 


Mark the single answer that most accurately completes the statement based upon the 
2008 Code. Also provide, where indicated, the Code reference that gives the answer or 
indicates where the answer is found, as well as the Code reference where the answer is 
found. 


1. InaClass 1, Division 1 area, Rigid M etal Conduit or Intermediate M etal Conduit is 
required to be installed into hubs or fittings with the number of threads fully engaged 
not less then: 

A. 3. Ca E. 10. 
B. 5. D. 8. 


Codereference 
2. A duplex receptacle is installed on a masonry wall in the service area of a commer- 
cial garage to provide power for portable tools and ventilation is not provided at a 
level to render the area unclassified. The commercial garage is used for the major 
repair of gasoline, hybrid, and diesel-powered engines. The receptacle is installed in 
a surface-mounted metal masonry box and supplied with EMT using set screw con- 
nectors. This installation is permitted provided the distance from the service area 
floor to the bottom of the box is not less then: 
A. 12 in. (300 mm). D. 3 ft (900 mm). 
B. 18 in. (450 mm). E. 5 ft (1.5 m). 
C. 24 in. (600 mm). 
Codereference 
3. Current-interrupting contacts of a motor starter for an installation are not 
enclosed within a hermetically sealed chamber or immersed in oil. In a Class |, 
Division 1 hazardous location as shown in Figure 9.14, conduit seals are required 
to be installed in each conduit within a distance from the motor starter of not 


more than: 
A. 6in. (150 mm). D. 18 in. (450 mm). 
B. 10 in. (200 mm). E. 24 in. (600 mm). 


C. 12 in. (300 mm). 
Code reference 


CLASS |, 
evel) sea 
j MOTOR STARTER 
H NOT WITH HERMETICALLY 
SEALED ARCING COMPONENTS 
[ey ie) 
MAXIMUM L 
DISTANCE? 
«— SEAL 


Figure9.14 This motor starter is installed in a Class! hazardous location. 
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4. Thewiring method permitted to be used in a Class 1, Division 1 industrial hazardous 
location with restricted access to the public is threaded Rigid M etal Conduit, Type 
MI Cable, Type MC-HL Cable, Type ITC Cable, or: 

Electrical M etallic Tubing. 

enclosed gasketed busways. 

threaded Steel Intermediate M etal Conduit. 

Liquidtight Flexible M etal Conduit. 

Flexible M etal Conduit. 


mOOw> 


Codereference. 
5. Anareawithin a textile manufacturing building containing electrical operated equip- 
ment where combustible cotton fibers are frequently in the air is considered to be a: 
Class III, Division 1 location. 
Class II, Division 2 location. 
Class |, Division 2 location. 
Class II, Division 1 location. 
Class |, Division 1 location. 


moOOw> 


Codereference 
6. An area of a feed processing facility is considered a Class ||, Division 1 location. A 
dust-ignitionproof motor starter is supplied with Rigid M etal Conduit where the last 
10 ft (3.05 m) is a horizontal run with no fittings as shown in Figure 9.15. The fit- 
tings in the run of conduit do not contain splices and are listed as dusttight. A seal in 
the conduit run is: 
shall be placed within 18 in. of the dust-ignitionproof enclosure. 
required to be listed as explosionproof. 
required to be installed within 10 ft (3 m) of the dust-ignitionproof enclosure. 
not required because the horizontal conduit is considered an adequate seal. 
required to be any permanent compound installed in either end of the last por- 
tion of the conduit run. 


moOOw> 


Code reference 


NO SPLICES IN FITTING 
DUSTTIGHT FITTING 


PERMITTED HERE DUST-IGNITIONPROOF 


ENCLOSURE REQUIRED 
we HERE 
. RIGID METAL CONDUIT 


4 10 FT (3 M) . 


CLASS II, DIVISION | LOCATION 


Figure9.15 A 10-ft (3.05 m) horizontal length of Rigid M etal C onduit connects an unclassified fitting toa NEMA 
9 enclosure in a Class I! hazardous location. 
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7. Intrinsically safe wires in route to a Class I, Division 1 classified hazardous location 
are installed in Electrical M etallic Tubing. A power circuit not serving a hazardous 
location is run in Rigid Nonmetallic Conduit parallel with the intrinsically safe cir- 
cuits. The minimum separation distance required to be maintained between the two 
raceway runs is: 

not specified in the Code. 

1/2 in. (13 mm). 

3/4 in. (19 mm). 

1.97 in. (50 mm). 

6 in. (152 mm). 


moOOm> 


Codereference 
8. A conduit run supplies wiring ina Class III, Division 1 classified hazardous location. 
In route to the Class III area the conduit enters and leaves a metal pull box. Bonding 
at the pull box is considered adequate: 
A. if alocknut is installed on the inside and outside and made up tight with no con- 
centric knockouts in place. 
B. if alocknut is installed on the inside and outside and is made up tight. 
C. only if the pull box has threaded hubs. 
D. if bonding bushings are installed on the conduit entries and a bonding conduc- 
tor connects the two bonding bushings together. 
E. if a locknut is installed on the inside and a metal bushing is installed on the 
outside. 
Codereference, 
9. To prevent sparking when fault current flows, all threaded conduit installed in clas- 
sified hazardous locations shall have: 
all threaded connections treated with a conductive sealing compound. 
a copper bonding conductor run either inside or on the outside of the conduit. 
all threaded connections made up wrench tight. 
bonding jumpers installed when circuits operate at less than 250 volts. 
exposed threads coated with corrosion protection after installations in wet 
locations. 


mOOw> 


Code reference 


10. Oil immersion is a protection technique that is permitted to be used in areas classi- 


fied as: 
A. ClassIl, Zone 1 or 2. D. Class!, Zone 0 or 1. 
B. Classl, Zone 0, 1, or 2. E. Class!, Zone 1 or 2. 


C. Class, Zone 1 only. 
Codereference 

11. Examine the seal shown in Figure 9.16. Unless specifically approved for a higher fill, 

the cross-sectional area of the conductors in a sealing fitting installed in a Class | 

hazardous location shall not exceed the cross-sectional area of a Rigid M etal 

Conduit of the same trade size by more than: 

A. 20%. C. 40%. E. 80%. 

B. 25%. D. 60%. 


Code reference 
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O O 


FILL PERCENTAGE? 


Figure 9.16 A standard Class | sealing fitting installed in a hazardous location. 


12. Conductors supplying a gasoline-dispensing unit are run underground in Rigid 
M etal Conduit from the service station building to the dispenser. A seal is required 
to be installed in this conduit run: 

A. only at the dispenser where the conduit emerges from the concrete. 

B. only if the service station area where the conduit emerges from the earth is not 
under positive ventilation. 

C. only at the service station where the conduit emerges from the concrete. 

D. within 10 ft (3 m) of the boundary where the conduit leaves the Class |, Division 
2 area. 

E. both at the dispenser and at the service station where the conduit emerges from 
the concrete. 

Codereference. 

13. Equipment installed in classified hazardous locations shall be marked to show the 
class, operating temperature or temperature class, ambient temperature range, and 
the flammable material classification: 

A. name. C. division. E. group. 
B. classification. D. zone. 


Codereference. 

14. A roof is installed above an area containing gasoline dispensers. High-intensity dis- 
charge luminaires (lighting fixtures) are connected to boxes with a short length of 
flexible wiring. A wiring method not permitted to be installed for this purpose in this 
location is: 

Flexible M etal Conduit. 

Type MC Cable. 

TypeAC Cable. 

Electrical Nonmetallic Tubing. 

Nonmetallic-Sheathed Cable, Type NM. 


mOOD> 


Code reference 
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15. Paint spraying is conducted in a factory in an open-front booth that is equipped with a 
ventilation system that is interlocked with the spray application equipment. L uminaires 
(lighting fixtures) are installed outside of the spray booth and 2 ft (600 mm) in front of 
the opening to illuminate the interior of the booth. Luminaires (lighting fixtures) suit- 
able for installation in an unclassified area are permitted for this application provided 
they are mounted a minimum height above the top edge of the booth opening a distance 
not less than: 

A. 3ft(914 mm). D. 10 ft (3.048 m). 
B. 5 ft(1.525 m). E. 12 ft (3.658 m). 
C. 8 ft (2.438 m). 

Code reference 
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WORKSHEET NO. 9— ADVANCED 
HAZARDOUS LOCATION WIRING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. Equipment that is supplied having metric threaded entries: 

shall not be permitted to be installed. 

shall be provided with an adapter for connection to NPT threads. 
shall be installed only with conduits with metric threads. 

is permitted to be installed with conduits having metric threads. 
is only required to be identified as having metric threads. 


mMOOBDOD 


Codereference 
2. Luminaires (lighting fixtures) installed in a Class I|, Division 1 location where grain 
dust that can dehydrate and carbonize is present shall have a surface temperature 
classification not exceeding the ignition temperature or: 
A. T1. C. 165°C. E. T3A. 
B. 500°C. D. T2C. 


Codereference 

3. A gasoline dispenser at a service station is supplied with 120-volt power from a cir- 
cuit breaker panel board where the circuit breaker will act as the disconnecting means 
for the dispenser. A locking mechanism that stays in place with or without a lock is 
installed at each circuit breaker supplying a fuel dispenser. The circuit breaker per- 
mitted to serve as the dispenser disconnect is: 

a single-pole circuit breaker. 

a single-pole, ground-fault circuit-interrupter breaker. 

a single-pole, arc-fault interrupter. 

an instantaneous-trip circuit breaker. 

a switched-neutral circuit breaker. 


mOOm> 


Codereference 
4. Unless specifically stated otherwise, intrinsically safe wiring installations are: 
A. permitted as open conductors without a cable jacket or raceway protection. 
B. required to be installed in Rigid Metal Conduit or steel Intermediate M etal 
Conduit. 
C. required to be installed in metal raceway or as metallic sheathed cable. 
D. permitted to be run in Electrical M etallic Tubing. 
E. required to be Type MI or Type MC when run as cable wiring. 


Codereference 

5. Rigid Metal Conduit or steel Intermediate M etal Conduit is required to be installed 
into hubs or fittings with 5 threads fully engaged for field wiring in a hazardous loca- 
tion classified as: 

Class 1, Division 1 or 2. 

Class 1, Division 1. 

Class |, Division 1 or 2, or Class II, Division 1. 

Class 1, Division 1 or 2, or Class Il, Division 1 or 2. 

Class 1, Class II, or Class II1, both Divisions 1 or 2. 


mMOO0D 


Code reference 
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6. A conduit run supplies wiring for a Class III, Division 1 hazardous location, as shown 
in Figure 9.17. The conduit contains size 8 AWG, Type THWN copper conductors, 
which are protected by a 50-ampere overcurrent device in a 200-ampere panelboard. 
The minimum size of copper bonding jumper required to be installed in this pull box is: 
A. 12AWG. C. 8AWG. E. 4AWG. 

B. 10AWG. D. 6AWG. 


Codereference. 
7. A magnetic motor starter ina NEMA 1 enclosure is to be installed on a wall near the 
open end of a paint spray booth. The paint spray booth is equipped with ventilation 
that is interlocked with the sprayer such that the sprayer will not operate unless the 
ventilation is operating. The minimum horizontal distance permitted from the edge 
of the paint spray booth opening to the NEMA 1 enclosure is: 


A. 3ft(900 mm). D. 20 ft (6m). 
B. 5 ft(1.5 m). E. not specified. 
C. 10 ft (3m). 


Code reference 


8. A parking garage with no mechanical ventilation provided is used for the parking 
and storage of gasoline and other fuel powered vehicles. If no maintenance is per- 


formed in this garage, the space up to a height of 18 in. (457 mm) above the floor is 
considered to be: 


A. anunclassified location. 
B. aClass1, Division 1, location. 
C. aClass|, Division 2, location. 
D. aClass!, Zone 1, location. 
E. anonspecified area. 
Codereference. 
CLASS III, DIVISION 1 UNCLASSIFIED AREA 
1— BONDING 
<3._| JUMPER 


Figure 9.17 A pull box placed outside of a Class II! Division 1 hazardous location. 
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CLASS Il, —__ 
DIVISION 1 
AREA 


STEM —> LENGTH? 


~__ LIGHTING FIXTURE 
LISTED FOR USE IN 
CLASS II AREA 


Figure 9.18 The Class II listed luminaire (lighting fixture) is installed in a Class II hazardous location with a 
Rigid M etal C onduit stem from the box to the luminaire (lighting fixture). 


9. A luminaire (lighting fixture) is installed in a Class II, Division 1 area of a grain ele- 
vator, as shown in Figure 9.18. The box is properly supported and listed for use ina 
Class II location. A Rigid M etal Conduit stem is threaded into the cover of the box 
and is used as the sole support for the luminaire (lighting fixture). There is no flexi- 
ble connection between the stem and the box, and there is no lateral support for the 
stem. The maximum length of stem permitted is: 

A. 6in. (150 mm). D. 24 in. (600 mm). 

B. 12 in. (300 mm). E. 3 ft (900 mm). 

C. 18 in. (450 mm). 

Codereference 

10. Refer to the illustration of the wiring to the outdoor gasoline dispenser in Figure 9.19. 

The Class I, Division 2, hazardous location is from the ground level to a height of 

18 in. (450 mm) and extends outward from the edge of the gasoline dispenser in all 

directions a minimum distance of: 


A. 3ft(900 mm). D. 25 ft (7.5 m). 
B. 10ft(3m). E. 50 ft(15 m). 
C. 20 ft (6m). 


Codereference 

11. Refer to Figure 9.19 for the wiring supplying the gasoline dispenser where con- 
densed gasoline vapors may collect on the conductors. For the wires inside of 
the dispenser and run in the underground conduit to the dispenser, electrical 
conductors: 

shall not be smaller than size 10 AWG. 

are only required to have a moisture-resistant type of insulation. 

shall be marked on the insulation suitable for use in a Class | location. 

are required to have lead covering over the insulation. 

shall be identified for these conditions such as being gasoline resistant. 


mOOD> 


Codereference 
12. Fixed wiring installed above a Class | hazardous area of a bulk storage plant is not 
permitted to be run as: 
Intermediate M etal Conduit. 
Electrical M etallic Tubing. 
Schedule 80 PVC Rigid Nonmetallic Conduit. 
Liquidtight Flexible Nonmetallic Conduit. 
M etal Clad, Type MC Cable. 


mOOD> 


Code reference 
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Figure 9.19 Wiring is run underground from the service station to a gasoline dispenser using Rigid Nonmetallic 
Conduit in direct contact with the earth. 


13. A trade size 3/4 (21), Rigid M etal Conduit passes from a Class |, Division 1, hazardous 
location to an unclassified location. A sealing fitting listed for only a25% fill is installed 
on the nonhazardous side of the boundary. The maximum number of size 10 AWG, 
Type THWN copper conductors that are permitted to be installed in the fitting is: 

A. 4. C. 6. E. 8. 
B. 5. D. 7. 


Codereference. 

14. For instances when a structure or location is classified by both the Zone and Division 

system, it is permitted to have Class I, Division 2 locations border, but not overlap a: 
Class |, Zone 1 or 2 location. 
Class I, Zone 0 location. 
Class I, Zone 1 location. 
Class I, Zone 2 location. 
any location installed using the Zone system. 


moOOm> 


Codereference 
15. During the construction process of an aircraft hangar it is deemed necessary to install 

a conduit under the floor of the hangar. The proposed conduit would be buried 24 in. 

(600 mm) below grade level and would be encased in concrete with a thickness of 

2 in. (50 mm). The conduit would pass under the hangar from one unclassified loca- 

tion to another unclassified location, as shown in the Figure 9.20. The conduit: 

A. is permitted to be Rigid Nonmetallic Conduit for the below grade installation 
and Rigid M etal Conduit or steel Intermediate M etal Conduit where it emerges 
from the earth. 

B. is only permitted to be installed in this manner by use of Rigid M etal Conduit 
or Steel Intermediate M etal Conduit. 

C. is required to be relocated so it does not pass under the hangar. 

D. system is not permitted to be installed in this location if the raceway is Rigid 
Nonmetallic Conduit. 

E. is permitted to be installed as Rigid Nonmetallic Conduit for the entire run including 
the points where the conduit emerges from the ground in the unclassified locations. 


Code reference 
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UNCLASSIFIED 


UNCLASSIFIED 


% ELECTRICAL CONDUIT 
PASSES UNDER HANGAR 
ENCASED IN 2 IN. (50 MM) 
OF CONCRETE 


Figure 9.20 Anelectrical conduit passes completely under an aircraft hanger and emerges from the ground out- 
side of the hazardous location. 
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UNIT 10 


Health Care Facilities 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 

* name two types of patient care areas of a health care facility. 

* describe when an anesthetizing location is also considered to be a hazardous location. 

* give examples of the types of electrical equipment to be supplied by the life safety 
branch of the essential electrical system of a health care facility. 

* give an example of the type of electrical equipment to be supplied by the critical branch 
of the essential electrical system of a health care facility. 

* explain the purpose of a reference grounding point for a patient care area of a health 
care facility. 

* namea specific location of a health care facility where a receptacle outlet is required to 
be listed for hospital use. 

¢ describe how equipment grounding is required to be installed from a receptacle outlet 
at a bed location of a critical care area to the service panel that supplies the receptacle. 

* state the minimum number of receptacle outlets required at the bed location of a gen- 
eral care area of a hospital. 

* state the minimum number of circuits required at a patient bed location of acritical care 
area to be supplied by the critical branch of the essential electrical system. 

* answer wiring questions about installations in health care facilities from Code Artides 517 
or 660. 

¢ state at least three significant changes that occurred from the 2005 to the 2008 Code for 
Articles 517 or 660. 


CODE DISCUSSION 


Anessential step to understanding the wiring requirements of a health care facility is knowledge of the 
definitions at the beginning of Article 517. This article addresses the following types of health care facilities: 
(1) clinics, medical offices, dental offices, and outpatient facilities; (2) nursing homes and residential custo- 
dial care facilities; and (3) hospitals. Other articles also are essential to the wiring installation for health care 
facilities. These are Article 700, which covers emergency systems and illumination for building egress, 
Article 701, covering legally required standby electrical systems, and Article 760 on fire alarm systems. 

Article 517 covers specific electrical wiring requirements for health care facilities that are not covered 
elsewhere in the Code. Part | of this article provides definitions necessary for the understanding and uniform 
application of the Code to health care facilities. In a multifunction building, the appropriate part of this arti- 
cle shall apply to an area with a specific function. 

Part II specifies the wiring methods that can be used in health care facilities. NEC°517.13(A) specifies 
that branch-circuits supplying patient care areas shall be run in metal raceway such as Rigid M etal Conduit, 
Intermediate M etal Conduit, Electrical Metallic Tubing, or cable assemblies such as Type AC, Type MI! 
Cable, or Type MC where the outer metal jacket is an approved grounding means. Grounding and bonding 
requirements for receptacles and equipment in patient care areas are also covered in Part ll. NEC® 517.13(B) 
requires that all receptacles supplying power at over 100 volts to patient locations shall be grounded with an 
insulated copper equipment grounding conductor run with the circuit conductors in metal raceway. The insu- 
lated copper equipment grounding conductor is also permitted to be run in TypeAC, Type MC, or Type M1 


335 
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Cable that has a metal sheath that is approved for grounding. With electrical equipment frequently attached to 
patients, redundant grounding is important. The insulated copper conductor acts as a path for fault current as 
well as the metal conduit or approved metal sheath of the cable. This redundancy in the grounding also reduces 
the resistance of a ground fault path which helps keep voltages during a fault at extremely low levels. 

Generally a patient location is served by branch-circuits from more than one panelboard. It is likely 
that a patient could be connected to electrical equipment that is supplied from at least two separate panel- 
boards. It is necessary that the equipment grounding bus in each panelboard be at the same potential. This is 
accomplished by bonding together of the equipment grounding bus of any panelboard that serves receptacles 
in the same patient location. NEC® 517.14 specifies a minimum size 10 AWG copper bonding conductor be 
used between equipment grounding terminals in panelboards serving the same patient location. 

The patient vicinity is defined in 517.2 as the area within 6 ft (1.8 m) of the patient bed. In a general 
care area, a minimum of four receptacles is required to serve the patient bed location. These may be single 
receptacles, or they may be multiple receptacles on the same yoke. For example, a duplex receptacle would 
count as two receptacles. The receptacles are required to be listed as hospital grade. A minimum of two 
branch-circuits is required to serve a patient bed location in a general care area. At least one of the branch- 
circuits is required to be supplied by the normal electrical system and one from the emergency system, as stat- 
ed in 517.18, unless the room is supplied from two separate emergency power sources. These branch-circuit 
and receptacle requirements are illustrated in Figure 10.1. Exception 3 of 517.18(A) permits both required cir- 
cuits of a general care area to be supplied from the emergency system. The stipulation is that the two circuits 
be supplied from two completely separate emergency systems with separate transfer switches and panel- 
boards. An installation meeting these requirements for a general care area is illustrated in Figure 10.2. 

A critical care area is required to have six receptacles at the patient bed location, as shown in Figure 10.3. 
At least two circuits are required, one of which is required to be supplied from the emergency electrical 
system, as stated in 517.19. The receptacles are required to be listed as hospital grade. At least one receptacle 
at the patient bed location is required to be supplied from the normal power system or other emergency 
system. 

Part III provides the requirements for the types of electrical systems for a health care facility. There is 
a normal power system providing power for various circuits throughout the health care facility. An emer- 
gency electrical system is required in certain types of health care facilities, such as hospitals. This emergency 
electrical system is permitted to consist of a life safety branch and a critical branch. These systems are illus- 
trated in Figure 10.4 for a hospital with an essential electrical system demand load not exceeding 150 kVA. 


AT LEAST ONE CIRCUIT GENERAL CARE AREA 
SHALL BE SUPPLIED FROM 517.18 

THE NORMAL POWER SYSTEM 

AND ONE FROM THE EMERGENCY SYSTEM 

OR TWO EMERGENCY SYSTEMS 


a 
TWO CIRCUITS | 
MINIMUM ‘i oh WALL 
FOUR RECEPTACLES 4 
MINIMUM 6 FT 
"(1.8 M) 
—_——-_———__ + BED : 


PATIENT 
VICINITY 


Figure 10.1 Four receptacles and at least two circuits are required to serve a patient bed location of a general 
care area. 
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GENERAL CARE AREA 


NEC® 517.18(A) EXCEPTION 3 BOTH REQUIRED CIRCUITS 
PERMITTED FROM EMERGENCY SYSTEM IF SUPPLIED 
THROUGH SEPARATE TRANSFER SWITCHES 


Figure 10.2 The two required bed location circuits in a general care area are permitted to be from the emer- 
gency system if the circuits are supplied by separate transfer switches. 


CRITICAL CARE AREA NEC® 517.19 


ONE CIRCUIT SHALL BE ON THE EMERGENCY SYSTEM 


ONE CIRCUIT SHALL BE ON THE NORMAL POWER SYSTEM 
y/ OR BOTH CIRCUITS FROM SEPARATE EMERGENCY SYSTEM 


TWO CIRCUITS 

MINIMUM i : WALL 

SIX RECEPTACLES | 

MINIMUM ‘ 6 FT ; 
‘(1.8 M) 
<> 4—pED 


PATIENT . 
VICINITY 


Figure 10.3 Six receptacles are required to serve the patient bed location of a critical care area. T hese are served 
by a minimum of two branch circuits, one of which is supplied from the emergency electrical system. 
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ESSENTIAL ELECTRICAL SYSTEM 
OF A HOSPITAL NEC® 517.30 


NORMAL POWER 


SOURCE NORMAL POWER SYSTEM 
> EMERGENCY SYSTEM — 
2 |— LIFE SAFETY BRANCH 
‘ — CRITICAL BRANCH ESSENTIAL 
ELECTRICAL 
SYSTEM 
ALTERNATE POWER a] 
SOURCE EQUIPMENT SYSTEM ae 


OLE 


Figure 10.4 The essential electrical system consists of the emergency system and the equipment system. If the 
essential electrical system demand load is greater than 150 kVA, then each branch is required to be served by a 
separate transfer switch. 


It is permitted to serve both the emergency system and the equipment system from the same transfer switch. 
If the demand load for the essential electrical system exceeds 150 kVA, then a separate transfer switch is 
required for the equipment system, the life safety branch, and the critical branch. In addition, an equipment 
system shall be provided in most types of health care facilities. All three of these systems make up the essen- 
tial electrical systems. For a hospital, these systems are covered in 517.30 through 517.35. For nursing homes 
and limited care facilities, these systems are covered in 517.40 through 517.44. 

Part IV deals with wiring in inhalation anesthetizing locations. Where flammable anesthetics are 
administered, the area is considered a classified hazardous location. An isolated power system is required 
where flammable anesthetics are used. Wiring requirements for other than hazardous anesthetizing locations 
are found in 517.61(C). 

Part V deals with X-ray installations. Rating of supply conductors, disconnect, and overcurrent pro- 
tection is covered by this part. Wiring of the control circuit and grounding is also covered. X -ray units have 
a momentary current rating and a long-time current rating. NEC® 517.72(A) requires the disconnecting 
means to have a current rating not less than 50% of the momentary input rating of the X-ray equipment or 
100% of the long-time rating, whichever is greater. NEC® 517.73(A)(1) requires the supply conductors to be 
sized in the same manner as the disconnecting means. 

Part VI covers requirements for communications, signaling systems, data systems, fire alarm systems, 
and systems operating at less than 120 volts. The key issue here is grounding. It is important that a patient 
not be exposed to hazard through the grounding of electrical equipment. 

Isolated power systems are covered in Part VII. Isolated power systems are required to supply cir- 
cuits within areas where flammable anesthetizing agents are used. The requirements on which isolated 
systems are required are found in 517.61(A)(1). The installation of the isolated power system is covered 
in 517.160. Circuits serving an anesthetizing location where flammable anesthetics are used are required 
to be isolated from the electrical distribution system in the building. This can be accomplished by operat- 
ing the circuits ungrounded. A common means of establishing an ungrounded electrical system is by use 
of an isolation transformer that has no connection between the primary and secondary windings. NEC® 
517.160(A)(1) requires all isolated circuits to be controlled by a switch that opens each ungrounded con- 
ductor. Each operating room is required to have the circuits supplied by a separate isolation transformer. 
An induction room that serves an operating room is permitted to have the circuits supplied from the same 
isolation transformer as the operating room. The isolated circuits are generally 125-volt, single-phase, 
2-wire. The conductors are required to be identified by the colors orange and brown. The wires must have 
colored stripes not white , green, or gray. Solid-colored wires are not permitted. W hen supplying 125-volt, 
15- or 20-ampere receptacles, the orange conductor shall be connected to the silver-colored terminal 
where a grounded conductor would normally have been terminated. This rule found in 517.160(A)(5) is 
illustrated in Figure 10.5. 
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NEC® 517.160(A)(5) FOR 125-VOLT, 15- OR 20-AMPERE 
RECEPTACLES ON ISOLATED POWER SYSTEMS, 
CONNECT THE ORANGE WIRE TO THE SILVER TERMINAL 


ORANGE 
WIRE 


a4 
«——— SILVER-COLORED 


BRASS-COLORED ——+i TERMINAL 


TERMINAL 


Figure 10.5 The orange conductor with colored stripes of an isolated 125-volt circuit connected to a 15- or 
20-ampere receptacle shall be connected to the silver-colored terminal intended for connection of the grounded 
conductor in a normal power system. 


Article 660 covers the installation of X-ray equipment for nonmedical and nondental use. The article 
provides specifications for minimum circuit rating and wire size, and the disconnect for the equipment. 
Wiring of the control system and grounding of the equipment are also covered. 

Article 680, Part IV covers the wiring to and in the area around therapeutic pools and tubs in health 
care facilities. Specifications are placed on receptacles and luminaires (lighting fixtures) in the area. 
Grounding and bonding of equipment is the main emphasis of this part. Bonding and grounding of metal 
parts within 5 ft (1.5 m) of the inside edge of the hydromassage unit is important for safety. The permitted 
methods of grounding and bonding are given in 680.62(C) and (D). Therapeutic tubs and hydromassage tubs 
are required by 680.62(A) to be ground-fault circuit-interrupter protected. NEC® 680.62(E) requires that any 
receptacle within 5 ft (1.5 m) is also required to be ground-fault circuit-interrupter protected. 


WIRING IN HOSPITALS 


Several very important issues deal with wiring in health care facilities and hospitals in particular. 
Reliability of electrical supply is necessary for equipment and lighting needed for human life support. 
Lighting and exit marking are needed for egress from the building in case of an emergency. Special mea- 
sures must be taken to ensure that equipment in a patient area is grounded in such a way that differences in 
voltage will not be present between equipment such that a hazard to the patient will be created. 


Definition of Areas Within a Hospital 


Patient vicinity: The area within 6 ft (1.8 m) horizontally from the perimeter of the bed, and within 
71/2 ft (2.3 m) above the floor. Figure 10.1 and Figure 10.3 illustrate the patient vicinity. 

Patient bed location: The intended location of the patient bed, or the procedure table of a critical care 
area. 

General care area: An area where the patient is not generally connected to electrical equipment. If so, 
the connection is basically external to the body, and there is no apparent hazard of electrical current affect- 
ing life-supporting organs of the body. 

Critical care area: This is an area where a patient may be put in intimate contact with electrical equip- 
ment that may produce a real hazard of electrical shock to essential body organs, or where the reliability of 
the equipment is necessary for life support. See the C ode for specific locations that come within this definition. 

Wet location: An area that is made intentionally wet for some specific purpose. Wet locations are cov- 
ered in 517.20. Refer to Article 680, Part VI for installation requirements for therapeutic pools and tubs in 
health care facilities. 

Anesthetizing location: An area intended for administration of flammable or nonflammable inhalation 
anesthetic agents in the course of examination or treatment. 

Essential electrical system: This electrical system is required to have an alternate source of power. The 
emergency electrical system and the equipment electrical system are part of the essential electrical system. 
The building electrical system is made up of the normal power system and the essential electrical system. 
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This system includes lighting circuits and equipment considered necessary for minimal operation and life 
safety. Power is provided for the life safety branch and the critical branch. See Figure 10.4. There is usually 
a delay before power is provided to the equipment systems branch. 

Life safety branch: This system provides light and power for the emergency systems of Article 700, 
such as lighting for egress, exit signs, and alarm and communications systems. This is covered in 517.32 and 
is illustrated in Figure 10.4. 

Critical branch: This system supplies power in selected areas for illumination and receptacles consid- 
ered essential for protection of life. For hospitals, specific locations are specified in 517.33. A patient bed 
location in a critical care area shall have at least one branch-circuit supplied from the critical branch, as 
shown in Figure 10.4. 


Hospital Receptacle Requirements 


Hospital grade receptacles are required to be installed in patient care areas, above the classified por- 
tion of an anesthetizing location, and in certain other locations. These devices are usually identified by a vis- 
ible green dot, as shown in Figure 10.6. Some devices are made of a clear material to allow employees to 
determine visually if an electrical malfunction occurs. Required hospital grade receptacles for the general 
care patient area are found in 517.18(B), for the critical care area in 517.19(B)(2), and for hospital use above 
hazardous anesthetizing locations in 517.61(B)(5). 

Receptacles with equipment grounding terminals insulated from the yoke are permitted to be used in 
hospitals for such devices as electronic equipment in which electrical noise may be a problem. These recep- 
tacle outlets with the insulated grounding terminals are required to be distinctively identified from the front. 
They have an orange triangle visible on the receptacle, as shown in Figure 10.6. Rules on the installation of 
isolated ground receptacles are found in 250.146(D), 406.10(D), and 517.16. They shall also be identified as 
hospital grade. In the case of an insulated ground receptacle, grounding of the equipment plugged into the 
receptacle is dependant only on the insulated copper equipment grounding conductor. There is no redun- 
dancy for the equipment ground. These receptacles should only be used where there is a definite need for an 
isolated ground to prevent electrical noise of sensitive equipment. 

In the case of a critical care area, there shall be at least one branch-circuit from the emergency system, 
and that receptacle or receptacles shall be identified. This is necessary to make sure essential equipment is 
attached to an emergency circuit if normal power is lost. It is also required that the location of the branch- 
circuit overcurrent device panelboard be indicated so the device can be reset quickly if necessary to main- 
tain operation of life-saving equipment. These requirements are found in 517.19(A). 


Grounding in Hospitals 


Proper installation of the equipment grounding system, particularly in hospitals, is extremely impor- 
tant. The goal, especially in critical care areas, is to prevent any two pieces of metal equipment that may 
be contacted simultaneously by a person from developing a voltage difference harmful to a patient. 
Receptacles and fixed equipment in patient care areas shall be grounded with an insulated copper equip- 
ment grounding conductor. Several types of grounding points are discussed in the Code and are defined 
as follows: 


HOSPITAL GRADE RECEPTACLE 
IDENTIFIED WITH A GREEN DOT 


ISOLATED SS? 


GROUND 
RECEPTACLE 
GREEN DOT Jo | 
Oo 0 

e Ov / ORANGE 


6=5 TRIANGLE 


Figure 10.6 A receptacle identified as hospital grade may have the equipment grounding terminal insulated 
from the yoke of the receptacle and is identified by a green dot and an orange triangle. 


=| 


Al 
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PATIENT EQUIPMENT BONDING POINT NEC® SECTION 517.19(C) 


PATIENT EQUIPMENT BONDING 
POINT PERMITTED BUT NOT 
REQUIRED | 


Soo; ™ 7 6 


RITICAL 
Ale ALL RECEPTACLES SHALL 
AREA BE BONDED TO THE EQUIPMENT 


BONDING POINT WITH A COPPER 
WIRE NOT SMALLER THAN SIZE 10 AWG 


Figure 10.7 If a patient equipment grounding point is provided in a critical care area, the receptacle outlets are 
required to be bonded to that point. 


¢ Patient equipment grounding point: This is a grounding bus with plug jacks available for the ground- 
ing of equipment to be operated in the patient bed location and listed for the purpose. The patient 
equipment grounding point is not required, as stated in 517.19(C). A patient equipment grounding 
point is illustrated in Figure 10.7. 

¢ Reference grounding point: This is a terminal bus that is a convenient collecting point for equipment 
grounding conductors and bonding wires. A reference grounding point is required for circuits serving a 
critical care area. This requirement is found in 517.19(B)(2).A reference grounding point is illustrated 
in Figure 10.8. The reference grounding point is defined in 517.2 as the ground bus in a panelboard serv- 
ing a patient care area. For an operating room it is the grounding bus of the isolated grounding system. 
Patient care areas are frequently served from two separate panelboards. This means the grounding bus 
in each panelboard is a reference grounding point. NEC® 517.14 requires the grounding bus of any pan- 
elboard serving circuits in the same patient vicinity to be bonded together with an insulated copper 
conductor not smaller than size 10 AWG. 


The patient equipment grounding point and the reference grounding point are frequently the same point 
for critical care areas. W hen the room is large, these grounding and bonding points may be separated. A patient 
equipment grounding point is permitted but not required. If installed, the patient equipment grounding point 
shall be connected directly to the reference grounding point by means of a continuous length of insulated cop- 
per conductor. The reference grounding point of the room is bonded to the panelboard grounding bus supply- 
ing power to the room. Circuits in the critical care patient area are supplied from a panelboard of the normal 
power system and a panelboard of the essential electrical system. The equipment grounding buses of each of 
these panelboards serving the patient care area are required to be bonded together by means of a continuous 
length of insulated copper conductor, as required by 517.14. This is illustrated in Figure 10.9. 

A patient bed location is permitted to have receptacles supplied from both the emergency and the nor- 
mal power panelboards. The equipment grounding buses of these panelboards shall be bonded together to 
make sure a difference in voltage between equipment at the bed location cannot develop to a sufficient level 
to be harmful to the patient. 


REFERENCE GROUNDING POINT REQUIRED 


pon eae, anes TO RECEPTACLE GROUNDING 
NEC® 517.19(B)(2) TERMINALS SERVING PATIENT 
BED LOCATION IN CRITICAL 

an CARE AREA OR TO THE PATIENT 
SE ne cee EQUIPMENT GROUNDING POINT 
PANELBOARD 
OR NORMAL +— EQUIPMENT GROUNDING BUS 
BRANCH-CIRCUIT PERMITTED TO ALSO SERVE 
PANELBOARD AS CRITICAL CARE AREA 


REFERENCE GROUNDING POINT 


Figure 10.8 A reference grounding point is required to be provided for circuits supplying the patient vicinity of 
a critical care area. 
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NEC® 517.14 PANELBOARD BONDING REQUIREMENT 
> SERVING SAME 
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Figure 10.9 The equipment grounding bus of a panelboard serving circuits in a patient vicinity shall be bonded. 


Hospital Required Electrical Systems 


Essential electrical systems must be connected to the normal power system and the standby power 
source through a transfer switch. The essential electrical system may consist of a separate critical branch 
and a life safety branch. If there is a life safety branch, it is not permitted to occupy the same raceway or 
cable with other wiring. This requirement is found in 517.30(C)(1). The critical branch and the life safety 
branch are not permitted to share the same enclosures, raceways, or cables. The emergency wiring system 
in a hospital shall bein metal raceway. The types of loads permitted to be connected to the life safety branch 
of a hospital are limited to egress illumination, exit signs, alarm systems, emergency communication sys- 
tems, and illumination at the generator location. It is important that receptacles supplied by the emergency 
electrical system be easily recognized. This is illustrated by Figure 10.10. It is required that these recepta- 
cles have a distinctive color or be supplied with faceplates that have a distinctive color. Frequently the recep- 
tacles supplied by the emergency system are red. 

Power circuits within an anesthetizing location classified as a hazardous location shall be isolated from 
the normal distribution system. The lower 5 ft (1.52 m) of an anesthetizing room where flammable agents 
are used shall be considered to be a Class |, Division 1 hazardous location, as stated in 517.60(A)(1). 


Ground-Fault Protection 


A solidly grounded electrical system operating with conductors more than 150 volts to ground and 
1000 amperes or more is required to be provided with equipment ground-fault protection. This subject is dis- 
cussed in detail in Unit 4. This type of protection is intended to detect a ground-fault that is great enough to 
cause damage or create a hazard, but is too small to be detected quickly by the service overcurrent protective 


NEC® 517.30(E) CRITICAL BRANCH RECEPTACLE OR 
FACEPLATE DISTINCTIVE COLOR MARKING REQUIRED 


oD 
oy 


CRITICAL CRITICAL 
BRANCH BRANCH 
RECEPTACLE RECEPTACLE 


Figure10.10 Receptacles supplied from the critical branch or the life safety branch of the emergency system are 
required to be either distinctively marked or have faceplates with a distinctive color. 
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Jie 1000 AMPERES 


EQUIPMENT 
GROUND-FAULT 
PROTECTION 


NEC® 517.17(A) FEEDER 
GROUND-FAULT PROTECTION 
REQUIRED WHEN CRITICAL 
CARE AREAS SUPPLIED 
IN FACILITY 


480/277 VOLTS 


Figure 10.11 The requirement for down-line equipment ground-fault protection on feeders when the service is 
provided with equipment ground-fault protection only applies in the case where the health care facility supplies 
power to a critical care area or electrically powered life-support equipment. 


device. In the case of a health care facility that supplies power to a critical care area or supplies power for life- 
support equipment, a hazard is created if a ground fault in some non-essential remote part of the facility should 
cause an interruption in power by causing the operation of the service ground-fault protection system. This is 
why in 517.17 equipment ground-fault protection is required on the all feeders supplied directly from the 
service equipment, except those that are not solidly grounded or the essential electrical system feeders. These 
ground-fault protective devices must be set to trip out the feeder on a ground-fault at a level that is not likely 
to trip out the service ground fault protective device. Figure 10.11 is a diagram of the service ground-fault pro- 
tective device and one feeder ground-fault protective device. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide517 Health Care Facilities 


References to other NFPA standards are provided at the end of sections where material in those sections was 
taken from those standards. 


517.2: The definition of ambulatory health care occupancy was revised with the addition of urgent care facil- 
ity for the treatment of persons who by the nature of their injuries are incapable of self-preservation in 
an emergency situation. 
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517.2: Within the definition of patient care area, there is a revision of the definition of wet location. The term 
now used is wet procedure location to indicate that it is an area where a procedure takes place under 
wet conditions with the patient present. 


517.32(C)(3): It is permitted to connect a mechanical system to the life safety branch of the emergency system, 
provided that the mechanical system is required to be operated in an emergency to help provide for life 
safety. 


517.32(F): Generator set accessories was added to the list of loads that are permitted to be connected to the 
life safety branch of the emergency system. 


517.34(A )(7): The equipment system of a health care facility is required to be connected to the stand-by 
power system during an emergency, but delayed operation is permitted for much of the equipment sup- 
plied. A dded to the list of equipment that is permitted to be supplied after an appropriate time delay is 
the ventilation system for operating rooms and delivery rooms. 


517.40(B): Some nursing homes and limited care facilities provide inpatient care where sustained electric 
life support equipment is necessary. The rules are the same for the installation of those systems, but 
the change deals with which parts of the facility are involved. It is made clear that these systems are 
to be installed only in those portions of the facility where these services are intended to be provided. 


517.160(A )(5): An isolated power system installed in an anesthetizing location of a health care facility is 
required to have the 120-volt circuit wires identified with the colors orange and brown, with the orange 
wire connected to the silver colored screw (neutral side) of the hospital grade receptacle. Use of asolid 
color for these wires is no longer permitted. It is now required that the orange and brown wires be ones 
with a colored stripe that is not white, green, or gray. 
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WORKSHEET NO. 10— BEGINNING 
HEALTH CARE FACILITIES 


Mark the single answer that most accurately completes the statement based upon the 
2008 Code. Also provide, where indicated, the Code reference that gives the answer or 
indicates where the answer is found, as well as the Code reference where the answer is 
found. 


1. Fora general care area in a hospital, as illustrated in Figure 10.12, each patient bed 
location is required to be provided with two branch-circuits: 

one of which shall originate from the emergency electrical system. 

both of which shall originate from the emergency electrical system. 

both of which shall originate from the normal electrical system. 

with not less than two receptacles connected to each branch-circuit. 

that are permitted to originate from any electrical system desired. 


moOOw> 


Code reference 


2. The minimum number of receptacles serving the patient bed location of a critical 
care area of a hospital is: 


A. not specified. 

B. four. 

C. six. 

D. eight. 

E. six duplex receptacles for a total of twelve. 


Codereference. 

3. All emergency system receptacles at the patient bed location of a critical care area 

of a hospital: 

A. shall be supplied by a minimum of two emergency circuits. 

B. are not permitted to originate from the same panelboard. 

C. are required to be supplied by a 20-ampere branch-circuit. 

D. are required to be identified as to panelboard and circuit number from which 

they are supplied. 
E. are to be divided so at least one receptacle is on each side of the bed. 


Code reference 


TWO REQUIRED CIRCUITS 


| | GENERAL CARE AREA 


OOTES 
Yt | 


Figure 10.12 Which circuits are required to serve the receptacle outlets at the patient bed location of a general 
care area of a hospital? 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


346 Unit 10 


4, Eventhough circuit wiring is run in metal raceway of a hospital, an insulated copper 
equipment grounding conductor is required to be run in the raceway and connected 
to the grounding terminal of: 

all equipment, receptacles and lighting fixtures in the hospital. 

receptacles installed in basements and other below grade areas. 

for every circuit protected with a ground-fault circuit-interrupter. 

ceiling luminaires (lighting fixtures) in patient care areas. 

all receptacles in patient care areas. 


mMmOOBDLD 


Codereference 

5. Circuits for patient bed locations of critical care areas of a hospital are supplied from 

a panelboard on the normal power system and a panelboard from the critical branch 

of the emergency system. The equipment grounding bus in each panelboard is 

required to be bonded together, as shown in Figure 10.13, with an insulated copper 

conductor not smaller than size: 

A. 12AWG. C. 8AWG. E. 4AWG. 

B. 10AWG. D. 6AWG. 


Codereference. 

6. All receptacle outlets rated 20 amperes or less at 125 volts installed in the patient 

vicinity of a hospital general care area are required to be: 
of the insulated ground type. 
listed as hospital grade. 
protected by a ground-fault circuit-interrupter. 
constructed of clear plastic to allow examination of the internal connections. 
listed as commercial grade. 


mOOw> 


Codereference 
7. A room of a hospital where patients are anesthetized with flammable anesthetics, as 

illustrated in Figure 10.14, is classified as a Class |, Division 1 location from the 
floor up to a height of: 
A. 2 ft(600 mm). D. 5ft(1.52 m). 
B. 3 ft(900 mm). E. the ceiling. 
C. 4ft(1.22 m). 

Code reference 


MINIMUM 
SIZE BOND? XC-4N 


NORMAL CRITICAL 
SYSTEM BRANCH 
PANEL PANEL 


ee ae 
SS GROUNDING BUS 
GROUNDING BUS 


Figure 10.13 Determine the minimum size conductor required to bond the equipment grounding buses of the 
normal panelboard and the emergency panelboard serving the same patient vicinity. 
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Figure 10.14 In the portion of an operating room from the floor up, what height is considered to be a Class I, 
Division 1 hazardous location when flammable anesthetics are dispensed in the room? 


8. Ina hospital, an exit sign circuit is a part of the: 
equipment system. 

critical branch of the emergency system. 

normal power system. 

alternate power branch of the normal power system. 
life safety branch of the emergency system. 


mOOD> 


Codereference 

9, A receptacle rated 15 or 20 amperes, 125 volts installed adjacent to the sink of a 

bathroom in a general care area patient room of a hospital is: 
not required to be ground-fault circuit-interrupter protected. 
required to be grounded to the room bonding point. 
required to be ground-fault circuit-interrupter protected. 
grounded with a size 10 AWG insulated copper equipment grounding wire. 
supplied from an isolated power system. 


mOOD> 


Codereference 
10. Circuit conductors of the life safety branch in a nursing home are: 

A. required to be kept entirely independent of other wiring and shall not share the 
same box, raceway, or cabinet with other wiring. 

B. permitted to share the same box, raceway, or cabinet with other wiring in the 
building. 

C. permitted to share the same box, raceway, or cabinet with circuits of the critical 
branch, but not other circuits in the building. 

D. permitted to share the same box, raceway, or cabinet with any other circuit of 
the essential electrical system but not other building circuits. 

E. limited to a maximum rating of 20 amperes. 


Codereference 

11. Receptacles in a hospital supplied from the emergency system are: 

A. required to be kept 18 in. (450 mm) from other receptacles. 

B. required to be distinctively identified to indicate they are supplied by the emer- 
gency system. 
required to be equipped with pilot lights to indicate when they are energized. 
required to be red or their face plates are required to be red. 
required to be marked with a label indicating emergency power. 


moo 


Code reference 
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12. A wiring method that is permitted to be installed in a hospital to supply circuits serv- 
ing a patient care area is: 

Rigid Nonmetallic Conduit, schedule 80. 

Electrical Nonmetallic Tubing, which is listed as fire rated. 

Type UF Cable. 

Type MC Cable where the metal covering is identified as a grounding return path. 

any listed cable that has a metal sheath for protection. 


mOOD> 


Codereference, 

13. Receptacles installed within the general patient care area, bathroom, or playroom of 
a pediatric facility in a hospital are required to be equipped with a listed tamper- 
resistant device or cover for circuits: 

rated 125 volts, 15 amperes. 

rated 125 volts and not over 20 amperes. 

rated 125 or 250 volts and not over 30 amperes. 

rated 125 volts up to 30 amperes. 

having any amperage or voltage rating. 


mOO@> 


Code reference 


14. If an outage of the normal power to a hospital occurs, the circuits supplied from the 
critical branch are required to have their power restored in not more than: 


A. 10 seconds. 
B. 20 seconds. 
C. 30 seconds. 
D. 60 seconds. 
E. whatever is considered a reasonable time. 


Codereference 
15. Receptacles rated 20 amperes at 125 volts in an operating room of a hospital are sup- 
plied from an isolated power system (see Figure 10.15). The orange conductor with 
colored stripes of the isolated power system is to be: 
connected to the equipment grounding terminal of the receptacles. 
run without splices and looped at each receptacle terminal connection. 
connected only to the silver-colored screw terminal of the receptacles. 
connected only to the brass-colored screw terminal of the receptacles. 
connected to either the silver- or brass-colored terminal of the receptacles 


mOOD> 


Code reference 


GREEN 


Figure 10.15 Which conductor of an isolated power system in a hospital is required to be connected to the 
silver-colored terminal of a receptacle? 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Health Care Facilities 349 


WORKSHEET NO. 10— ADVANCED 
HEALTH CARE FACILITIES 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer, or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. The equipment grounding bus of a panelboard supplying receptacle circuits at the 
bed location of the critical care area of a hospital, shown in Figure 10.16, is consid- 
ered to be: 

the patient equipment grounding point. 

a room bonding point. 

a remote bonding point. 

the reference grounding point. 

the emergency system grounding point. 


mOOD> 


Codereference 
2. For acritical care area in a hospital, each patient bed location is required to be pro- 
vided with two branch-circuits: 
one of which shall originate from the emergency electrical system. 
both of which shall originate from the emergency electrical system. 
both of which shall originate from the normal electrical system. 
with not less than two receptacles connected to each branch-circuit. 
that are permitted to originate from any electrical system desired. 


moOOw> 


Codereference 

3. The patient bed location of acritical care area of a hospital is supplied by only one cir- 

cuit from the critical branch of the emergency system. The circuit from the emergency 

system serving a receptacle at the patient bed location, as shown in Figure 10.17, is: 

A. also permitted to serve receptacles in the same room outside of the patient 

vicinity. 
B. not permitted to serve receptacles outside of the patient vicinity. 
C. permitted to supply fixed equipment in the room. 


i 


PANELBOARD SERVES 


WHITE 
RECEPTACLES IN 
CONDUCTOR CRITICAL CARE AREA 
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BOND 


7 


INSULATED 
GREEN 


Figure 10.16 What is the name given to the equipment grounding bus of an emergency panel that serves recep- 
tacles in the patient bed location of a critical care area of a hospital. 
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Figure 10.17 Thereis only one emergency system circuit serving this patient bed location of a critical care area. 
Is it permitted to supply another receptacle outside of the patient bed location on that same circuit? 


D. permitted to supply a receptacle at an adjacent bed location. 
E. not permitted to supply a second receptacle at that same patient bed location. 


Code reference 


4, The minimum number of receptacles serving the patient bed location of a general 
care area of a hospital is: 


A. not specified. 

B. four. 

C. six. 

D. eight. 

E. six duplex receptacles for a total of twelve. 


Codereference. 

5. An isolated power system in a hospital is required to be supplied power from the: 

A. critical branch of the emergency system. 

B. equipment system. 

C. life safety branch of the emergency system. 

D. normal power system but connected to the generator through an optional equip- 
ment transfer switch. 
normal power system. 


m 


Codereference 

6. All receptacles installed in wet procedure locations and not served by an isolated 

power system shall be: 

A. supplied by an isolated power system. 

B. bonded to a room bonding point with a copper wire not smaller than size 
10 AWG. 
located not less than 5 ft (1.5 m) above the floor. 
mounted in nonmetallic boxes with nonmetallic face plates. 
ground-fault circuit-interrupter protected for personnel. 


moo 


Codereference. 

7. A hydromassage bathtub installed in a health care facility is required to have the 

metal piping, hand rails, metal parts of electrical equipment, and the pump motor 
bonded together. If bonded with a copper wire, it is required to be: 
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not smaller than size 10 AWG. 

solid and not smaller than size 10 AWG. 

solid and not smaller than size 8 AWG either insulated, covered, or bare. 
solid or stranded and not smaller than size 8 AWG. 

not smaller than size 6 AWG. 


mOOD> 


Codereference 
8. Fixed room luminaires (lighting fixtures) are mounted at least 8 ft (2.5 m) above the 
floor of an anesthetizing location where flammable anesthetics are used and an iso- 
lated power system is installed. These luminaires (lighting fixtures) are permitted in 
this location: 
A. and powered by anormal grounded electrical system if the switch is located out- 
side in another area. 
B. and powered by a normal grounded electrical system if the switch is located 
above the Class |, Division 1 hazardous location. 
if powered only by the isolated power system. 
if provided with explosionproof enclosures. 
if the fixtures have no exposed metallic parts. 


moo 


Codereference 
9. The disconnecting means for permanently installed X-ray equipment shall be: 
operable from a location readily accessible from the X-ray control. 
located within sight of the X-ray machine. 
permitted to be a cord cap and attachment plug in the main circuit to the unit. 
capable of interrupting 125% of the momentary current of the unit. 
located anywhere in the room. 


mOOD> 


Codereference 

10. The wiring of circuits for exit signs and emergency lighting throughout patient care 

areas of a hospital are: 

A. permitted to be run in Type MC Cable where the metal sheath is approved as a 

grounding means. 

B. permitted to have short lengths of Flexible M etal Conduit not exceeding 6 ft 
(1.8 m). 
required to be run as nonflexible metal raceway or as Type MI Cable. 
required to be run as Rigid M etal Conduit or Intermediate M etal Conduit. 
permitted to be run using TypeAC or Type MC Cable with an insulated equip- 
ment grounding conductor and metal sheath approved as a grounding means. 


moo 


Codereference 

11. The power source for the essential electrical system for a hospital is an engine driven gen- 

erator with a main disconnect and overcurrent device rated more than 1000 amperes, 

3-phase, 480Y /277 volts solidly grounded as shown in Figure 10.18. Equipment 

ground-fault protection is: 

A. required between the generator and the essential electrical system transfer 

switches. 

B. required on the feeders on the load side of the essential electrical system trans- 
fer switches. 
permitted on the feeders between the generator and the essential transfer switches. 
permitted on the load side of the essential electrical system transfer switches. 
not permitted between the generator and the essential electrical system transfer 
switches or on the load side of the transfer switches. 


moo 


Code reference 
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Figure 10.18 Whereis equipment ground-fault protection required relative to the essential electrical system of 
a hospital? 


12. A critical care area of a hospital is equipped with a patient grounding point as shown 
in Figure 10.19. An equipment bonding jumper shall be used to connect the patient 
equipment grounding point and the grounding terminal of receptacles. The minimum 
size copper bonding jumper permitted is: 


A. 14AWG. 

B. 12AWG. 

C. 10AWG. 

D. 8AWG. 

E. not specified and depends upon the rating of the circuit and sized according to 
Table 250.122. 


Code reference 
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Figure10.19 Determine the minimum size bonding jumper required from the receptacles to the optional patient 
equipment grounding point in a critical care area of a hospital. 
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13. A room ina hospital used for the storage of flammable anesthetics or disinfectants 
is considered to be a: 

Class |, Division 2 location for the entire room, floor to ceiling. 

Class |, Division 2 location from the floor up to a height of 18 in. (450 mm). 

Class |, Division 1 location from the floor up to a height of 18 in. (450 mm). 

Class |, Division 1 location for the entire room, floor to ceiling. 

an unclassified area, however, all wiring is to be in Rigid M etal Conduit using 

boxes with threaded hubs. 


mOOD> 


Codereference 
14. A hospital has a demand load on the essential electrical system of more than 
150 kVA. A single standby generator supplies the equipment system, the critical 
branch, and the life safety branch. Upon a loss of normal utility power to the hospi- 
tal, the equipment system is: 
required to be energized in not more than 10 seconds. 
permitted to be completely or partially transferred to the generator manually. 
required to be started simultaneously along with the emergency system. 
permitted to be started simultaneously along with the emergency system. 
required to have power restored automatically with an appropriate time lag. 


mOOD> 


Codereference 
15. A hospital has an equipment system, a life safety branch, and a critical branch all 
supplied from one standby generator. The demand load of the essential electrical 
system is more than 150 kVA. The minimum number of transfer switches required 

for this installation is: 


A. zero. 

B. one. 

C. two 

D. three. 

E. not specified in the Code. 


Code reference 
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UNIT 11 


Emergency and 
Alternate Power Systems 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 

* determine the minimum size conductor permitted to connect a standby generator to a 
wiring system. 

* explain the purpose of transfer equipment for a standby power system. 

* explain ventilation and insulating needs for battery rooms. 

* define terms used in the Code to describe solar photovoltaic systems. 


* name the types of equipment and circuits that make up the emergency electrical system 
of a typical commercial building. 


* explain how the wiring is to be run for emergency electrical circuits. 


* explain the type of electrical equipment and circuits powered by a legally required 
standby electrical power system. 


* describe a typical application where there is an optional standby electric power system. 

* define an interconnected electric power production source. 

* explain the difference between a supervised and an unsupervised fire alarm system. 

* explain how the wires are to be attached to a fire alarm pull station. 

* answer typical wiring installation questions from Articles 445, 480, 690, 692, 695, 700, 
701, 702, 705, 708, and 760. 

* state at least three changes that occurred from the 2005 to the 2008 Code for Articles 
445, 480, 690, 692, 695, 700, 701, 702, 705, 708, or 760. 


CODE DISCUSSION 


Alternate electric power-producing systems are discussed in this unit, as well as the Code articles that 
cover their installation. These systems may be legally required for some buildings, such as a hospital, or they 
may be optional. Emergency electrical systems are discussed in this unit. The most simple emergency sys- 
tem consists of exit signs and lighting for building evacuation. Other buildings may have more extensive 
requirements. The electrical Code covers the installation of these systems, while other codes cover what sys- 
tems and equipment are required in a particular building. The installation of fire alarm systems is covered in 
this unit. 

Article 445 covers the requirements for generators to be connected to wiring systems. The markings 
for generators are covered in 445.11. Even though the full-load rated current is required to be marked on the 
nameplate, there are many older generators in operation that list only the continuous rating in kilowatts or 
kilovolt-amperes. The Equations 8.5 and 8.6 in Unit 8 can be used to determine the full-load current if the 
continuous rating isin kVA or kW. NEC® 445.12(A) requires constant voltage generators, such as the ones 
used for standby power, to be protected from overcurrent. This is generally done by the manufacturer with 
either a set of fuses or a circuit breaker as an integral part of the generator. The conductors between the gen- 
erator and the point where the connection is made to the premises wiring system is required to be not less 
than 1.15 times the full-load continuous output current of the generator. This conductor is required by 240.4 
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to be protected according to its ampere rating, therefore, the conductor is generally sized to the rating of the 
output overcurrent device of the generator. The connection to the premises wiring system is usually made to 
a transfer switch. 

A disconnecting means is required to be installed to disconnect the generator ungrounded conductors 
from the premises wiring system. The location of the disconnecting means is not specified. A switch or cir- 
cuit breaker on the generator unit is a convenient means of disconnecting the ungrounded conductors from 
the generator. A transfer switch can also be used to disconnect the ungrounded conductors from the genera- 
tor. NEC® 445.18 does not require a disconnect for the conductors if the generator prime mover can readily 
be shut off and the generator is not operating in parallel with another electrical supply such as the utility. 

Article 480 deals with stationary storage battery installations. The main emphasis of this article is the 
rigid mounting of the batteries, corrosion prevention, ventilation of the battery room, and guarding of live 
parts when the batteries are connected for the circuit to operate at 50 volts or more. The rules on guarding 
are found in 110.27. It is also necessary to provide working clearances around battery installations accord- 
ing to 110.26. 

Specific requirements for the connection of storage batteries as a part of an electrical system are cov- 
ered in various articles throughout the Code. Storage batteries can function as a stand-alone standby power 
system. An inverter can be used to convert the direct current to alternating current in the event of a power 
outage. Energy conversion efficiencies of more than 85% are common for inverters. The batteries can be kept 
charged as needed with a small automatically operated generator. Operating in this manner, generators are 
supplying a nearly constant load, and will operate more efficiently. Batteries are usually installed as a part 
of a photovoltaic power system. Batteries can also be used with wind generating systems and small hydro- 
electric turbines. There are no specific rules in the Code for general installation of battery power systems. 
The best source is Part VIII of Article 690 on solar photovoltaic systems. 

Article 690 applies to solar photovoltaic electric power systems including the dc-to-ac inverter, charge 
controller, sun tracking system, and wiring of components in the system. Several important definitions are 
covered in 690.2. Itis important to understand the basic photovoltaic terminology in order to apply the rules 
of Article 690. A typical silicon photovoltaic cell is about 4 in. (100 mm) in diameter and has an operating 
output of about 3 amperes at 0.5 volts dc. These photovoltaic cells are connected in series to obtain the 
desired output voltage and manufactured into a unit called a solar photovoltaic module. As many modules as 
needed are assembled into a solar photovoltaic array to achieve the desired output voltage and power. A typ- 
ical solar photovoltaic power system is shown in Figure 11.1. Modules are usually connected in series to 
achieve the desired voltage. Each module or series of modules is called a photovoltaic source circuit. These 
source circuits are connected in parallel until the desired power is achieved. The wires connecting to a group 
of photovoltaic source circuits is called the photovoltaic output circuit. If an output circuit connects to ten 
source circuits each producing 3 amperes at 36 volts, the output circuit will be rated 30 amperes at 36 volts. 

The rated output voltage of the solar photovoltaic array will be higher than the nominal operating volt- 
age of the photovoltaic system because the array will not be able to maintain maximum output throughout 


PHOTOVOLTAIC 


GROUNDING 
ELECTRODE 


<—_ |NVERTER 
AC 


Figure 11.1 Photovoltaic cells are assembled into modules, which are then assembled into panels. A group of 
panels make up an array. 
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the day. The output of the array can be sent directly to the load or to a set of storage batteries. Output from 
the photovoltaic array goes to a charge controller which supplies the desired voltage and current to the bat- 
teries and the load. Solar photovoltaic systems are sometimes interconnected with building wiring and the 
utility simultaneously to form what is known as an interconnected electric power production system, the 
wiring of which is covered in Article 705. 

Part II of Article 690 covers circuit conductor sizing and overcurrent protection. Part III specifies the 
disconnecting means requirements. It is important to remember that if light strikes the photovoltaic array, a 
voltage is being produced. Also, when a system is interconnected with a utility system or run in parallel with 
another power production system, backfeeding may be a problem. When a switch is opened, both sides of the 
switch may still be energized. T his is why placement of disconnects is important. Wiring methods are covered 
in Part lV and grounding is covered in Part V. A stand-alone solar photovoltaic power system is a separately 
derived system and grounding should meet the requirements of 250.30. Connected as a standby power system 
by means of a transfer switch at the main service of a building or operated as an interconnected power system 
in parallel with a utility supply, the solar photovoltaic system connects to the service of a building and is not 
considered a separately derived system. In this case, the same rules for grounding are followed as would be 
the case for a utility supplied electrical system. This is explained a little more clearly in Part V of Article 692 
on fuel cell systems. 

Article 692 provides the rules for the installation of fuel cell systems to supply power for premises 
wiring systems. Definitions important to understanding this article arein 692.2. Fuel cells produce direct cur- 
rent. The direct current can be utilized for some loads, but for many loads the dc must be converted to ac 
with an inverter. The inverter may be a part of the fuel cell unit, or it may be connected as an auxiliary unit. 
NEC ® 692.8(B) requires the feeder conductor from the fuel cell system to have an ampacity not less than the 
nameplate rated current or the rating of the overcurrent device on the fuel cell system. The output conduc- 
tors from the inverter are sized according to the rated output current of the inverter. NEC® 692.13 requires 
that a means be provided to disconnect all ungrounded conductors of the fuel cell system from the premises 
wiring system. 

Fuel cells operated as a stand-alone system are considered a separately derived system and are required 
to be grounded following the rules of 250.30. If the system is operated in parallel with another power system, 
such as the utility system, the fuel cell system is required to be grounded to the grounded circuit conductor 
terminal of the premises wiring system. This is also the case where the fuel cell system is operated as a stand- 
by power system and connected to the wiring by means of a transfer switch. The fuel cell system may also 
contain batteries. NEC ® 692.56 requires a warning to be placed at the main disconnect location calling atten- 
tion to the energy storage system, but no rules are included for the installation of the batteries. The rules of 
Article 480 must be followed for the battery installation but there are no rules for the installation of the com- 
plete battery system, including charge controller and inverter. The best place to find this information is in 
Part VIII of Article 690 on solar photovoltaic power systems. 

Article 695 deals with the electrical power, wiring, and controls for fire pumps and associated 
equipment. This article assembles the electrical installation requirements related to fire-pumping instal - 
lations together in one location in the Code. M uch of the article is taken directly from NF PA20, Standard 
for the Installation of Stationary Pumps for Fire Prevention. The rules applying to fire pumping systems 
may seem contrary to normal safety rules in the Code, but it is important to note that the purpose of the 
system is to reduce a fire emergency to allow the building to be evacuated and to assist fire-fighting per- 
sonnel in dealing with the emergency. Hopefully, the operation of the pumping system will put out the 
fire or limit the extent of damage. In any case, the electrical system is to be installed for maximum reli- 
ability under heavy load conditions. The system is to be installed to minimize its exposure to damage. 
Overcurrent protection is set high enough to prevent premature shutdown of the pumping system. With 
a building on fire, and human life in danger, damage or burnout of pumping system motors and associ- 
ated equipment is of little concern. NEC® 695.3 directs that the power supply be reliable. In the case 
where the pumping system is supplied power by a tap to the normal power system, the tap ahead of the 
service disconnect is not permitted to be made in the service disconnecting means enclosure, 
695.3(A)(1). 

The supply conductors for the pumping system are not permitted to be protected from overload, but 
only protected from short circuits as stated in 695.6(D) and 240.4(A). When the system is supplied from a 
dedicated transformer, overcurrent protection is not permitted to be installed on the secondary of the trans- 
former. The minimum setting of the transformer primary overcurrent protection shall be sufficient to contin- 
uously supply the sum of the locked-rotor currents of all motors of the system and the full-load current of 
the other loads of the system. 
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A separate service is required for a fire pump installation. The power source is required to be reliable 
and capable of supplying the locked-rotor current of all pump motors and pressure maintenance pump 
motors, and the full-load current of any associated equipment. Power source requirements are discussed in 
695.3. A separate service is permitted as shown in Figure 11.2. It is also permitted to tap ahead of the ser- 
vice disconnect. An on-site generator is also permitted to supply the fire pump and associated equipment. 
Rules for determination of the minimum size of generator are found in 695.3(B)(1). Obviously it is impor- 
tant to make sure the fire-pumping system is always ready for operation. Therefore, the system is required 
to be supervised to ensure that power is supplied to all system components, and a signal will indicate if any 
part of the system is not ready for operation. Disconnects must be capable of being locked in the “closed” 
position to make sure they are not inadvertently opened. 

Article 700 deals with the installation of emergency electrical systems. The fine print notes to 700.1 
provide information that helps understand the type of electrical circuits that may be included as part of an 
emergency electrical system. Emergency systems are required in buildings where there is public assembly, 
schools, hotels, theaters, sports arenas, and health care facilities. Typical equipment included as a part of the 
emergency system is illumination for safe exiting of the building, exit signs, fire detection and alarm sys- 
tems, elevators, fire pumps, ventilation and other building utilities necessary for life safety. NEC® 700.12 
requires load transfer to a backup power source to occur in not more than 10 seconds. 

The wiring of these systems is covered in Part Il. Emergency circuits are required to be kept inde- 
pendent of other circuits used for light and power. If the building is wired with raceway, then the emergency 
circuits are required to be run in dedicated raceways that contain only emergency circuits. The sources of 
power for these systems are covered in Part III. Emergency illumination is the most common type of emer- 
gency system installed. The requirements for the circuits, equipment, and control of equipment are covered 
in Parts IV and V. 

For some buildings requiring only safe evacuation of the building, unit equipment is satisfactory for 
safe exiting from the facilities using illuminated exit signs and adequate area lighting. The illumination units 
are not permitted to depend upon only onelamp for illumination in any particular area. Each area will require 
two single-lamp units or one two-lamp unit. Power for the illumination units is required to be from the same 
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Figure 11.2 A fire pump system is required to have a separate service capable of reliably supplying the locked- 
rotor current of the fire pump and pressure maintenance pump and the full-load current of the other associated 
equipment. The conductors and equipment are to be protected from short circuits and ground faults only. 
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circuit that supplies the normal lighting in the area. The emergency light units are required to be connected 
to the circuit ahead of any local switches. These rules are found in 700.12(F). High intensity discharge light- 
ing will generally not relight when power is restored and this needs to be considered when installing emer- 
gency lighting. The emergency lighting units will turn off when power is restored, but the HID lamps will 
not necessarily relight immediately. One way to solve this problem is to include fluorescent or incandescent 
lights as a part of the lighting in the area. 

NEC® 700.12 specifies the power sources that are acceptable for emergency circuits. One source is 
battery-powered illumination units. M ore extensive systems may require more power. One alternative is a 
battery system that must be able to supply the load for not less than 1.5 hours. Deep cycle batteries are 
required and vented lead-acid batteries requiring periodic filling with water are required to have a transpar- 
ent case to indicate electrolyte level. Another power source is an on-site generator which must have a fuel 
supply for the engine to last not less than two hours. The generator must be automatic starting with auto- 
matic load transfer. It is not permitted for the engine to operate on a utility natural gas supply. If the gener- 
ator is not capable of starting and powering the load within 10 seconds, another temporary power system is 
required to fill the gap in time until the generator is capable of supplying the emergency load. An uninter- 
ruptible power supply is also permitted to supply emergency loads. A separate service in some situations may 
be permitted as an emergency power supply but only if approved by the local jurisdiction. 

Article 701 on legally required standby systems do not include emergency systems. These are sys- 
tems that are required to be installed because a system in a building may create a condition that becomes 
life threatening if normal power fails. Or it may be a system that would hamper rescue or fire fighting. It 
can include lighting, ventilation and smoke removal, and communications systems. NEC® 701.11 requires 
the standby power system to be up and running within 60 seconds of a normal system power failure. The 
power source is permitted to be a generator, storage batteries, uninterruptible power supply, separate serv- 
ice if approved by the authority having jurisdiction, or a connection ahead of the service disconnect if 
acceptable to the authority having jurisdiction. NEC® 701.10 permits the wiring of circuits for a legally 
required standby power system to occupy the same raceways, cables, boxes, and cabinets with normal 
wiring in the building. For illumination, unit equipment the same as specified for emergency systems is per- 
mitted to be used. NEC® 701.7 requires transfer equipment to be automatic and it shall be arranged in such 
a way that there will not be an interconnection between the normal power supply and the legally required 
standby power source. 

Article 702 applies to optional standby power systems intended to supply loads for industrial, com- 
mercial, farm, and residential buildings and facilities. The type of power source is not specified. It could be 
a generator, storage batteries, or any type of alternate power system such as solar photovoltaics or fuel cells. 
Portable generators and tractor driven generators are permitted for this type of installation. An example of a 
portable tractor driven generator is shown in Figure 11.3. NEC® 702.9 permits the wiring of circuits for an 
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Figure 11.3 A portable generator that has a permanent means of attachment to a premises wiring system, such 
as this tractor powered portable generator at a farm distribution pole, is considered to be an optional standby 
power system. 
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optional standby power system to occupy the same raceways, cables, boxes, and cabinets with normal wiring 
in the building. NEC® 702.6 allows manual transfer equipment but it shall be arranged in such a way that 
there will not be an interconnection between the normal power supply and the optional standby power 
source. 

Article 705 specifies the method of interconnecting an alternate power system to operate in parallel with 
another power system such as a utility power supply. These systems are only permitted to be connected in par- 
allel with a utility power system through a contractual agreement with the specific electric utility. Some states 
have a net power agreement law where the utility must purchase power from the customer. NEC® 705.12 gen- 
erally requires the connection of the alternate power source to be at the service disconnecting means. The con- 
nection is permitted to be on the supply side of the service disconnect or it is permitted to be on the load side. 
NEC® 705.14 requires the customer power production system to be compatible with the utility power supply. 
In particular, the customer power source frequency and voltage must be the same as the utility power supply 
and the waveshapes must be compatible. The customer power source making connection with the utility sup- 
ply is usually a generator, the output from an inverter, or the output from a transformer. The connection must 
be controlled so that the customer power supply is synchronized with the utility supply when the connection is 
completed so the two wave forms are in phase with each other. 

NEC® 705.21 requires a means be accessible to disconnect all ungrounded conductors of the customer 
power source. NEC® 705.40 requires that the power production source be automatically disconnected from 
the utility supply in case of a failure of the utility supply. This can be in the form of a load transfer switch 
that will connect the customer source to the customer load while disconnecting the source from the utility 
supply. 

Article 708 provides rules for the wiring of portions of premises wiring systems that are ruled by a gov- 
ernmental jurisdiction as critical operations power systems (COPS). These would be portions of wiring systems 
that must provide power for operations that are necessary for emergency workers, or it may provide power for 
a portion of a building where human lives may be at risk if power is lost for an extended period of time. These 
power systems are to be installed in such a manner that they have a chance to survive a major storm or flood or 
some other widespread disaster where an entire area loses electrical power for an extended period of time. The 
critical operations power system will not only consist of well-protected wiring, but also one or more power 
sources. M any of the rules in this Article are directed at the installing electrician, but many are also directed at 
the persons or organization that has jurisdiction over the facility. 

Article 760 provides rules for the installation and testing of fire alarm systems. It is important to under- 
stand that the purpose of such a system is to provide warning for the evacuation of a building and area. 
Emergency systems will provide directions and lighting for the evacuation of the premises. It is important to 
keep in mind that reliability of the system is of major importance. Wiring of the alarm initiation circuits and 
the warning circuits must be supervised so that any failure in the system will be noted so that immediate 
repairs can be undertaken. M aking sure that all portions of the systems are properly supervised calls for some 
wiring rules that are not necessary in other types of wiring in the facility. A nother important point is that the 
wiring of fire alarm systems is to be kept separated with other wiring of the building so that failures in other 
circuits will not compromise the integrity of the fire alarm circuits. This subject is discussed in more detail 
later in this U nit. 


EMERGENCY ELECTRICAL SYSTEMS 


Emergency electrical systems must be installed to ensure the highest practical level of reliability. The 
wiring for these systems is required to be run completely independent from normal power and lighting circuits. 
These systems frequently are supplied power from a separate service or from a tap to the normal service plus 
a backup power source such as a generator. W hen a backup power source is installed, the transfer of load from 
normal power to the alternate power source must be automatic and occur in not more than 10 seconds. This 
transfer of load from one power source to another is accomplished using a transfer switch such as the one illus- 
trated in Figure 11.4. NEC® 700.6 requires this transfer of emergency load from normal to standby power to be 
done in such a way that there is never an interconnection between the standby power source and the normal 
power source. A legally required standby power source is intended to supply loads other than emergency 
systems that must be operated to protect personnel from injury or to aid fire fighters or rescue personnel. The 
load is permitted to be transferred to the standby source in not more than 60 seconds. In the case of an optional 
standby power system, the load transfer is permitted to be manual and there is no specified time in which the 
load transfer must occur. 
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Figure 11.4 A load transfer switch is required when connecting a standby power source to a premises wiring 
system, and it prevents interconnection of the standby power source to the normal power source. 


The primary function of the emergency electrical system, covered in Article 700, is to provide automatic 
illumination for safe exiting of a building and panic control during an emergency. This would require illumina- 
tion in places where people assemble in the event that power to the normal illumination is interrupted. 
Illumination is required to safely exit the building, including power for the marking of exits from the building. 

The emergency electrical system also may include fire alarm systems, power for fire pumps, ventila- 
tion where necessary to provide life safety, or other functions necessary to prevent other life-threatening 
hazards. 

A self-contained, battery-operated exit sign may consist of a standard universal exit sign that is inter- 
nally equipped with a battery, charger, and a means of automatically transferring to battery power on loss 
of normal operating power. Exit signs of this type, which are listed by an independent testing laboratory, 
are readily available with operational time ratings in excess of 4 hours. The following criteria are used in 
determining whether self-contained, battery-operated exit signs are acceptable in lieu of conventionally 
wired exit signs. Self-contained, battery-operated signs are permitted to be installed provided the following 
conditions are met: 


¢ The power supply for the exit signs and illumination units shall be from the same branch-circuit as that 
serving the normal lighting in the area, and shall be connected ahead of any local switches, 700.12(F ). 

* The operational time rating of the units shall not be less than that required by the rules applicable to 
the facility in which they are installed. 


Fire Alarm Systems 


A fire alarm system, covered in Article 760, is an assemblage of components, acceptable to the authority 
having jurisdiction, that will indicate a fire emergency requiring immediate action. The system shall alert all 
occupants of a building in which it is installed when a fire emergency is present. 

The authority having jurisdiction is the governmental, legally employed agency that can require 
the installation of a fire alarm system with specified features, characteristics, functions, and capabilities. 
The authority having jurisdiction may be a person, firm, or corporation with financial or other interest in 
the protected property and whose authority lies in contractual arrangements between the affected parties. 
The electrical inspection authority has jurisdiction over installation methods, materials, and some opera- 
tional characteristics of all systems. 

Fire alarm systems required to be installed by governmental agencies are designed and installed to save 
lives by alerting occupants to a fire emergency. Life safety systems may provide some property protection. 
These systems are often termed local protective signaling systems. Fire alarm systems installed to protect or 
limit property loss are not required by governmental agencies. These optional systems are installed to pro- 
tect high-value properties or to reduce insurance premiums. 

Fire alarm systems required for life safety shall be the supervised type. This requirement is not in the 
NEC®, but is required by other codes. A supervised circuit will indicate a ground fault or an open circuit with 
a distinctive audible signal at the control panel location and remote locations as required. Class A supervised 
circuits will continue to operate with a single open-circuit conductor. Class B supervised circuits will not oper- 
ate with an open circuit. A Class A fire-alarm initiating circuit is shown in Figure 11.5. Supervision is pro- 
vided by the design of the control panel and correct installation of the field wiring. Circuits required to be 
supervised are: 
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Figure 11.5 A Class A supervised fire-alarm initiating circuit completes a loop on each side of the initiating 
device and will allow the system to remain functional even with one open circuit. 


* The main operating power 
¢ The initiating circuits 
* The sounding device circuits 


The initiation circuit senses the fire emergency condition and permits initiation current to flow in the 
circuit. Initiating devices are of several common types: pull stations, products of combustion detectors, heat 
detectors, and water flow switches. Rules not a part of the electrical Code are provided for the proper loca- 
tion of these initiating devices. 

The signaling circuit alerts building occupants to the fire emergency. Sounding devices installed on the 
signaling circuit are of several common types. Typical sounding devices are horns, buzzers, bells, chimes, 
electronic signals, and sirens. The type of sounding device used in a building must have a distinctive sound 
not used for any other purpose in the building. Sounding devices must be audible in all areas of the protected 
facility. Visual signals are now being provided for hearing-impaired persons by some building codes for 
barrier-free design. Visual signals, when installed, are required to be on a supervised circuit. 

One type of initiating device is a heat detector. Several types of heat detectors are used for fire alarm 
systems. One type operates at a predetermined fixed temperature. Another operates at a predetermined rate 
of rise in temperature. Both types may be combined in one unit. 

There are several types of products of combustion detectors. The photoelectric type is designed to 
detect visible particles in smoke by obscuring the light or by light scattering. A nother is the ionization type, 
which is designed to detect invisible products of combustion by using the electrical conducting nature of air 
in the presence of low-level radioactivity. The conductivity of air is changed by the presence of combustion 
products or other gas or vapor. 

Duct detectors are installed to prevent toxic vapors from being moved from one part of the building to 
another. There are basically two types of duct detectors. The heat type is used to detect abnormal tempera- 
tures in air-handling systems. They are permitted in systems under 15,000 cubic feet per minute (425 m?/min) 
air capacity by some codes. Some are similar to the fixed temperature detectors described earlier. This type 
is no longer acceptable for new construction by some state and local codes. Smoke-type duct detectors are 
adaptations of photoelectric or ionization-type detectors. They are installed to sample the air in a duct sys- 
tem to detect abnormal smoke in air-handling systems. All air-handling systems are not required to have 
automatic detectors. Refer to state and local codes for specific requirements. 

Flame detectors are a type activated by visible light, light invisible to human eye, or flame flicker. 
These units are for special occupancies or hazards and are not required by codes, but they may be provided 
for an additional level of protection. 


Wiring Fire Alarm Systems 


It is important to understand how supervised electrical circuits operate to understand how the wiring 
is to be installed. The wiring for the initiation circuit or the sounding circuit shall be installed such that the 
system will function when an initiation action has been taken. If the initiation circuit is not properly 
installed, it is possible for an initiation station to develop an open circuit at a later time without activating 
the trouble indicator. Specific requirements for wiring the fire alarm system are found in Article 760. This 
discussion is intended to show the proper wiring of the fire-alarm circuits to make sure they will function 


properly. 
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The ClassA initiating circuit requires four wires. A resistor is not required at the last initiating station. 
The current-limiting resistor is built into the alarm control unit. One wire on each side of the circuit can open, 
which sounds the trouble signal, and the initiating circuit will still function. Figure 11.5 shows a Class A ini- 
tiating circuit properly installed. 

The Class B initiating circuit has only two wires. An end-of-line resistor is installed to complete the 
supervisory circuit. A trickle current flows through the wires at all times. A short circuit, a ground fault, or 
an open wire will prevent proper operation, and a trouble signal will sound. A control unit with four termi- 
nals may be connected for a 2-wire Class B circuit. Figure 11.6 shows a properly wired Class B initiating 
circuit. An end-of-line resistor is used for a Class B supervised circuit. 

The sounding circuit is also required to be supervised. One method is the series circuit, in which a 
trickle current passes through each sounding device connected in series. The fire-alarm control panel is 
adjusted for the number and type of sounding devices used. Figure 11.7 shows a Series-type sounding circuit. 

A polarized sounding circuit is shown in Figure 11.8, and an end-of-line resistor is used. This system 
is supervised with a current flowing along one wire, then through the end-of-line resistor, and back to the 
alarm control panel on the other wire. Proper polarity must be observed for connecting to the sounding 
devices. 

Wire splices and terminations are a source of problems in any wiring system. It is not uncommon to 
have a splice or termination fail and cause an open circuit. For this reason, it is not permitted to make a con- 
nection to an initiation station that depends on one splice or termination. If an open circuit should occur, it 
is possible for the supervisory circuit to function, but an initiation station may be inoperative. If a connec- 
tion to an initiation station is made with two separate terminations or with a loop termination, an open cir- 
cuit to an initiation station will most likely open the supervisory circuit. Proper connections to an initiating 
station are shown in Figure 11.9. 

In the process of wiring in an initiating circuit, it may be necessary to make a tee tap. This procedure 
is a frequent source of error. If this is not done properly, the tee tap circuit will not be supervised. It is 
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Figure 11.6 A Class B supervised fire-alarm initiating circuit has only one conductor for each side of the initi- 
ating devices and must have an end-of-the-line resistor to complete the supervisory circuit. 
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Figure 11.7 A series-type supervised fire-alarm sounding circuit passes a supervisory current through each 
sounding device. 
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Figure 11.8 A parallel or polarized firealarm sounding circuit has two terminal connections to each side of the 
sounding device, and an end-of-the-line resistor is needed to complete the supervisory circuit. 
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Figure 11.9 Only one conductor is attached to a terminal of a fire-alarm device so that an open conductor will 
always stop the supervisory current flow and provide a trouble signal. 


possible for an open circuit to occur, rendering one or more initiating devices not operable without sound- 
ing a trouble signal. The proper method of making a tee tap for a ClassA initiating circuit and a Class B ini- 
tiating circuit is shown in Figure 11.10. Note that the initiating stations are all connected in a series circuit. 

Computerized fire alarm systems are frequently used on large buildings. A remote terminal unit is 
placed in an area or on a floor. Each remote terminal unit has an initiating circuit and a sounding circuit. The 
central computer interrogates each remote terminal unit for a status check. If an alarm is initiated, the sound- 
ing signal is given in a predetermined strategy. For large buildings, evacuation of the areas of greater danger 
is initiated first. The rules for supervision and wiring discussed earlier must be followed for the initiating and 
sounding circuits of each remote terminal unit. 


Fire Pumps 


Power for a fire pump installation is required to be independent of the normal power system for a build- 
ing. NEC® 695.4(A) permits the power source to connect directly to a listed fire pump controller, or a listed 
combination fire pump controller and transfer switch. NEC® 695.4(B) permits a disconnecting means with 
overcurrent protection to be installed ahead of the fire pump controller. Figure 11.11 shows a diagram of a 
fire pump installation with and without a transformer. A fire pump must be ready at all times. Therefore, there 
is a requirement that the disconnecting means must either be capable of being locked in the closed position 
or must be supervised to indicate if the switch is open. The disconnect is not sized the same as would be the 
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Figure11.10 Tapping a fire alarm circuit at a later time to install additional devices must be done in such a way 
that the supervisory current is forced to travel through every terminal in the circuit. A proper tap of a ClassA 
and Class B initiating circuit is shown. 
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Figure 11.11 A disconnecting means with overcurrent protection is permitted to be installed on the supply side 
of a listed fire pump controller. The left diagram is supplied from a utility transformer and the right diagram is 
supplied with a customer owned transformer. 
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case for a typical motor circuit. The overcurrent device is not permitted to have a rating less than the locked 
rotor current of the fire pump and the pressure maintenance pump. The next higher standard rating overcur- 
rent device is selected from 240.6(A). The rating of the overcurrent device will dictate the minimum rating 
of switch. 

NEC® 695.6(C)(2) specifies the minimum rating of conductor required for the service to the fire pump 
installation and the individual circuit conductors to each component of the system. In Figure 11.11, there is 
a main service conductor supplying both motors, and a tap to the fire pump and another tap to the pressure 
maintenance pump (sometimes called a jockey pump). Overcurrent protection is not permitted on these indi- 
vidual taps. NEC ® 695.6(D) permits the tap conductors to be sized according to the rules in the article with 
no restriction as to length of tap or size of conductor as would normally be the case if the rules in 240.21 
applied. The conductor minimum ampacity is to be not less than 1.25 times the full-load current of the motor. 
If the conductor runs are long from the power supply to the fire pump controller, there is a maximum volt- 
age drop permitted by 695.7. When starting, the voltage at the controller terminals is not permitted to drop 
more than 15% below the nominal circuit voltage which, for a 480-volt motor, would be 408 volts (480 V x 
0.85 = 408 V). The voltage drop is not permitted to be more than 5% of motor rated voltage when the motor 
is operating at 1.15 times the motor rated full-load current. For a 3-phase motor rated at 460 volts, the volt- 
age is not permitted to drop below 437 volts. These voltage-drop criteria can be calculated based upon 
locked-rotor current and motor full-load current using equations 6.6 and 6.7 in Unit 6 to determine the 
minimum permitted conductor size. 

If a transformer is installed in the fire pump circuit, it is required to have a minimum rating of not less 
than 1.25 times the full-load current of the motors plus 100% of the rating of auxiliary equipment. The min- 
imum kVA rating of the transformer needed to supply a fire pump load can be determined using Equation 
11.1 for single-phase loads and Equation 11.2 for 3-phase loads. The next larger kVA rating of transformer 
would be chosen after making the calculation. Overcurrent protection for the transformer is installed only on 
the primary side of the transformer. The overcurrent device rating is not permitted to be more than the val- 
ues given in either Table 450.3(A) or Table 450.3(B). But the overcurrent device protecting the transformer 
is not permitted to be less than the locked-rotor current of the motors supplied after an adjustment in current 
is made for the primary to secondary voltage difference. This adjustment can be made using Equation 11.3. 
If this criteria cannot be met, then it will be necessary to increase the transformer rating in order to meet both 
the overcurrent protection rules of 450.3 and 695.4(B)(1). 


Single-Phase: 
Fire Pump Transformer kVA = vetege re = Ee Eq. 11.1 
1000 
Three-Phase: 
Fire Pump Transformer kVA = oe Vode 2 Curren 4225 Eq. 11.2 
1000 
Minimum Fuse Rating = Motor L ocked-Rotor Current x Secondary Voltade Eq. 11.3 


Primary Voltage 


The following examples will help to understand the various rules for sizing conductors, disconnecting 
means, and overcurrent protection for a fire pump installation. 


Example11.1 A fire pump installation in a building consists of a 75-horsepower, 3-phase, 460-volt, 
design B motor and a pressure maintenance pump rated 1.5 horsepower, 3-phase, 460 volts, design B. 
There is a fusible disconnect installed ahead of the controller as shown in Figure 11.12. Determine the 
minimum size copper conductors with 75°C insulation and terminations permitted to supply these two 
motors assuming the voltage-drop limitations will be satisfied. 


Answer: NEC® 695.6(C)(2) requires the conductors to be not less than 1.25 times the combined full- 
load current of the two motors. Look up the motor full-load currents in Table 430.250. Size the con- 
ductors using Table 310.16. The 75-horsepower motor has a full-load current of 96 amperes, 
and the 1.5-horsepower motor has a full-load current of 3.0. The minimum conductor ampacity is 
124 amperes (99A xX 1.25 =124A). The minimum conductor size permitted is 1 AWG copper. 
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Figure 11.12 Theminimum conductor size for a fire pump installation is required to be not less than 1.25 times 
the full-load current of the fire pump and pressure maintenance pump motors plus the full-load current of other 
associated loads. 


Example 11.2 With the same fire pump installation as Example 11.1, determine the minimum size 
fuses permitted to be installed in the disconnect. 


Answer: NEC® 695.4(B) requires the rating of the overcurrent device in the disconnect to be not less 
than the sum of the locked currents of the two motors. Look up the locked rotor currents in Table 
430.251(B) and find 543 amperes for the 75-horsepower motor and 20 amperes for the 1.5-horsepower 
motor. The combined locked rotor current is 563 amperes. The next higher standard overcurrent device 
rating listed in 240.6(A) is 600 amperes. 


Example 11.3 Assume the fire pump installation of Example 11.1 is supplied through a customer 
owned transformer as shown in the right-hand diagram of Figure 11.11. Determine the minimum rat- 
ing of transformer required for the fire pump installation. 


Answer: NEC® 695.5(A) requires the transformer to have a kVA rating not less than 1.25 times the 
full-load volt-amperes of the motor. This is determined using Equation 11.2. Look up the full-load 
current in Table 430.250 and multiply by the voltage and by 1.25 and 1.73 to get 102.8 kVA (99A x 
480V xX 1.73 x 1.25 = 102,762 VA). 


ALTERNATE ELECTRICAL POWER SYSTEMS 


Alternate electric power systems can be used for a variety of applications. These systems can be used 
as a stand-alone system to provide the total power needs when the building is located in a remote area where 
extension of utility lines to the building is impractical. Alternate power systems can be used as standby 
power. In this case, the power system is connected to the normal power system with a transfer switch and 
operated only when utility power is not available. Another approach is to operate the alternate power system 
interactively in parallel with the utility power system. This must be done in such a way that the two power 
systems will be synchronized. Excess power leaves the property and is sold to the utility. The connection is 
made only by utility approval. The economics of this arrangement vary from state to state. Following is a 
discussion of the most popular alternate power sources and the major components of alternate power 
systems. 
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Solar Photovoltaic Systems 


The photovoltaic process was first discovered in 1839. It was in 1954 when Bell Laboratories devel- 
oped the first practical solar cell to produce dc power. Solid state electronic devices are made of semi- 
conducting materials such as silicon crystals containing an impurity that gives them an apparent charge, 
either positive or negative. These crystals are called n-type semiconductors and p-type semiconductors. A 
solar cell consists of an n-type semiconductor in contact with a p-type semiconductor. When light pene- 
trates these semiconducting materials, they absorb much of the energy of the photons of light, which dis- 
lodges electrons from their positions within the atomic crystal structure. Electrons from the p-type semi- 
conductor cross the boundary (called a junction) and enter the n-type semiconductor. An electrical field 
between these two materials prevents the electrons from returning across the junction. If an electrical con- 
ductor is attached to each of the semiconductors, the electrons can return from the n-type semiconductor 
to the p-type semiconductor through an external electrical circuit. A cross-sectional view of a solar cell is 
shown in Figure 11.13. 

A typical solar cell has an area of about 100 square centimeters (15.5 in.?). The power output of a solar 
cell depends upon the intensity of light received. At noon in areas where the sun is very high and the sky is 
clear, the output of a solar cell is about 3 amperes or more at 0.5 volts which gives 1.5 watts. Later in the 
day, the power output will decrease as the sunlight must travel through the thick atmosphere. Located in 
space above the earth’s atmosphere, solar cells produce about 35% more energy than at noon on earth. Solar 
cells are expensive to produce. Research continues to produce them at lower cost with as high an efficiency 
as possible. Single-crystal solar cells (mono-crystalline) have the highest practical efficiency which is about 
20%. Polycrystalline solar cells (multicrystalline silicon) are less expensive to produce but have a lower effi- 
ciency. Amorphous silicon cells consist of a thin film deposited on a base material and are relatively inex- 
pensive to produce, but their efficiency is lower than for single-crystal solar cells. 

Solar cells are arranged into modules consisting typically of 36 solar cells connected in series to givea 
practical operating output of approximately 18 volts dc and a maximum operating current level of about 
3 amperes. These are frequently called the maximum power point voltage and current (V mpp and I mpp). The 
open-circuit voltage of the module is the output voltage with no current being drawn. The open-circuit volt- 
age (V 9c) will be higher than the operating output voltage. Wire insulation and all electrical components must 
be rated higher than the open-circuit voltage of the system. Another important characteristic of a photovoltaic 
module is the short-circuit current (I<5c). This is the maximum current that can be supplied by the photovoltaic 
module when the output terminals are shorted together. A mbient temperature affects the output of a solar cell. 
The lower the ambient temperature, the higher the rated open-circuit voltage of the solar cell. Required mark- 
ings on a photovoltaic module are listed in 690.51 and include these values plus maximum power and maxi- 
mum permitted system voltage. 
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Figure 11.13 A solar photovoltaic cell consists of a p-type semiconductor on the bottom and an n-type semicon- 
ductor on top. When sunlight falls on the cell, electrons move across the junction from the bottom layer to the top 
layer producing about 3 amperes or more of direct current at 0.5 volts. 
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Photovoltaic modules are connected together in series to obtain the desired operating voltage. Typical 
systems operate at 12, 24, and 48 volts. M odules can be connected together in series to obtain a higher system 
voltage. The maximum permitted system voltage marked on the module must not be exceeded. One module 
will supply 12 volts, two modules in series will supply 24 volts, and four modules in series will supply 48 volts. 
Panels are connected in parallel to increase the current and power output from an array. When connected in 
series, the voltage and power of the individual modules will add. The maximum operating current will remain 
a constant value. When connected in parallel, the power and current of modules or sets of modules will add. 
The operating output voltage will remain a constant value. A stand-alone photovoltaic system to provide only 
dc power will havea photovoltaic array, a charge controller, and a set of batteries. With the addition of an invert- 
er both ac and dc loads can be supplied. A system of this type is shown in Figure 11.14. 

The operating voltage of the photovoltaic array must be higher than the nominal operating voltage of 
the system. M aximum output will not be maintained at all times and the photovoltaic panels must produce a 
voltage high enough to charge the batteries. Output voltage to the batteries and the loads will be regulated 
by the charge controller. The charge controller monitors the status of the batteries and the load and controls 
the rate of charging. By supplying the batteries and loads with a series of dc pulses, the charge controller can 
maintain the average output voltage at the desired level. When the battery charge is high, the pulses are far 
apart and when the battery charge is low, the pulses are close together. 

Article 690 deals with the installation of the total photovoltaic system. The photovoltaic system may be 
installed to provide only dc power as a stand-alone power source or fed into an inverter to produce ac 60-hertz 
power. To maintain a constant power supply throughout the day, this system must include batteries. Rules for 


DIODES 


—p—-— 


N o™ 
sal PHOTOVOLTAIC SOURCE 
: L CIRCUITS 
. a ae 


PHOTOVOLTAIC MODULES | 


T 1 CLLLI 
PHOTOVOLTAIC OUTPUT CIRCUIT 
) 
= + 
CHARGE INVERTER OUTPUT 
CONTROLLER | INVERTER INPUT CIRCUIT 
— + CIRCUIT 120-VOLT AC 
T LOADS 
) 7 
| INVERTER |_, 
DC SYSTEM + _-¥—= 
nN AC SYSTEM 
; = GROUND 
_ + 
a on + 
a : 
| DC LOADS 


{I | | ii BATTERIES 


Figure 11.14 A solar photovoltaic power system that produces alternating current for use in a premises wiring 
system usually has a charge controller, batteries, and inverter along with the solar array. Disconnects are required 
to isolate each component of the system and overcurrent devices are required to protect all conductors and 
equipment. 
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the installation of batteries are found in Article 480. A typical example will help to understand how the total 
system ratings are determined and how different sections of the Code apply. 


Example 11.4 The individual modules of a mono-crystalline photovoltaic system to be installed for 
a dwelling is rated with an open-circuit voltage (V oc) of 20.9 volts, a maximum short-circuit current 
(Isc) of 4.2 amperes, operating voltage of 17.0 volts, maximum operating current of 3.82 amperes, and 
maximum power (Pnax) Of 65 watts. Each module is 18.5 by 40.5 in. (47 by 103 cm). The system will 
operate at a nominal 24 volts dc with two modules connected in series for each module set. The array 
will consist of 12-module sets connected in parallel. The installation is similar to Figure 11.14. The 
lowest expected winter temperature is 20°F (-7°C). For each module set, determine the following: 
open-circuit voltage, short-circuit current, operating voltage, maximum operating current, and maxi- 
mum power output. 


Answer: The short-circuit current (I¢c) will remain at 4.2 amperes. The maximum output current 
will remain at 3.82 amperes. There are two modules in series. Therefore, the open-circuit voltage (V oc) 
will be 41.8 volts (20.9V +20.9V =41.8V). The operating voltage will be 34.0 volts (17.0V +17.0 
V =34.0V). The maximum power (P,,,,) will be 130 watts (65 W +65 W =130W). 


All wiring and equipment of the photovoltaic system are required to have a rating not less than the max- 
imum open-circuit voltage of the system. NEC*® 690.7 describes the method of determining the open-circuit 
voltage of the system. The open-circuit voltage of the module sets must be corrected for the lowest expected 
ambient temperature. For Example 11.4, the open-circuit voltage of each module set is 41.8 volts and the cor- 
rection factor from Table 690.7 is 1.13 to give a maximum photovoltaic system voltage of 47.2 volts (41.8 V 
x 1.13 = 47.2 V). These values are used to size the conductors, overcurrent protection, and ratings of 
disconnects. 

NEC® 690.15 requires that disconnecting means be provided so that all components can be isolated 
from all sources of power. In the case of a photovoltaic power source, a voltage will be present any time the 
sun is shining on the solar cells. Switches and circuit breakers installed in the dc circuits must be dc rated. 
NEC® 690.8(B) specifies that conductors shall have an ampacity not less than 1.25 times the computed max- 
imum circuit current determined in 690.8(A). Photovoltaic systems are assembled in different ways, and care 
must be taken to identify the current that can flow on the various sections of the circuit. 


Example 11.5 The photovoltaic array described in Example 11.4 supplies 60 hertz ac power at 
120 volts, with a 2500-watt continuously rated true sine wave inverter. The inverter has a surge rating 
of 7500 watts. The continuous output current is 20.8 amperes. The nominal input is 24 volts and 
123 amperes dc. The input voltage range is 14.9 to 30.7 volts dc with an input current at minimum volt- 
age of 197 amperes dc. The efficiency of the inverter is 85%. There are 24 deep cycle, 6-volt lead-acid 
batteries with a rating of 350 ampere-hours. The batteries can deliver up to 75 amperes for three hours 
continuously on a charge of 17.5 amperes for 20 hours. Four batteries are connected in series to get 
24 volts and six sets are connected in parallel. The ambient temperature of the wiring on the solar array 
could reach 130°F (54°C). Determine the minimum size copper conductors with 75°C rated termina- 
tions permitted for the following: (1) the photovoltaic source circuits to the solar modules and (2) the 
photovoltaic output circuit to the charge controller. 


Answer: First determine the photovoltaic source circuit current, 690.8(A)(1). There are two modules 
connected in series for each source circuit with a maximum short-circuit current of 4.2 amperes. The 
source circuit current is the short-circuit current multiplied by 1.25 to get 5.25 amperes. 
NEC® 690.8(B)(1) requires the source circuit conductors to have an ampacity not less than 1.25 times 
the value calculated by 690.8(A)(1), which is 6.6 amperes (5.25A x 1.25 =6.6A). Because the ambi- 
ent temperature of the conductors is above 30°C, a temperature correction is required according to 
690.31(C). The correction factor from Table 690.31(C) is 0.67. Divide the 6.6 amperes by 0.67 to get 
9.9 amperes. From Table 310.16, the minimum conductor size permitted is 14 AWG. However, a 
smaller size may be permitted. 

The photovoltaic output circuit current is the sum of the source circuit maximum currents, 
690.8(A)(2). The source circuit current was determined to be 5.25 amperes. This solar array consists of 
six source circuits connected in parallel for an output current of 31.5 amperes. NEC® 690.8(B)(1) 
requires the conductor to have an ampacity not less than 1.25 times the output circuit current, which is 
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39.3 amperes. If the conductors are exposed to an ambient temperature greater than 30°C (86°F), then 
an adjustment must be made using the appropriate factor from Table 690.31(C). Assuming no adjust- 
ment is needed, the minimum photovoltaic output circuit conductor size is 8 AWG copper. Single 
conductor cables listed as sunlight and moisture resistant are permitted to be installed for individual 
module interconnections, 690.31(D), in sizes 18 AWG copper and larger. 


The maximum current output from the charge controller will not be greater than the maximum photo- 
voltaic output circuit supplying the charge controller from the solar array. Therefore, the output dc conduc- 
tors from the charge controller will be the same as the dc input conductors. Batteries will release current 
slowly for along period of time or at a high ampere rate for a limited period of time. An overcurrent device 
near the batteries is important to minimize the length of unprotected circuit. The battery output conductors 
will depend upon the rating of the overcurrent device protecting the battery circuit. The rating of that over- 
current device will depend upon the maximum expected dc load to be drawn from the batteries. If the 
batteries supply an inverter, the maximum current will be the maximum draw of the inverter at the inverter 
minimum input voltage and producing the maximum continuous ac output current, 690.8(A)(4). If dc loads 
are supplied directly from the batteries, the sum of the ratings of the dc output circuit overcurrent devices is 
added to get the total dc load. 


Example 11.6 Consider the photovoltaic system described in Examples 11.4 and 11.5 where all of 
the dc output of the system supplies the 2500-watt inverter that is 85% efficient and has a 2-wire 120-volt 
ac circuit that draws 20.8 amperes. The dc input to the inverter is nominal 24 volts with a minimum of 
14.9 volts and a maximum of 30.7 volts. The maximum input current at minimum input voltage is 
197 amperes. Determine the minimum size copper conductors between the batteries and the inverter and 
determine the minimum size 120-volt ac conductors from the inverter to the premises wiring system 
transfer switch. 


Answer: The input dc current at minimum voltage is 197 amperes. NEC® 690.8(B)(1) requires the 
conductor ampacity to be not less than the value determined in 690.8(A)(4). The overcurrent device 
will be 250 amperes (200 A x 1.25 =250A). The minimum conductor size will be 4/0 AWG copper 
between the battery and the inverter applying the rule of 240.4(B). If the dc input current at minimum 
voltage is not given, it can be calculated by dividing the continuous output rating of the inverter by the 
minimum input voltage and the efficiency. 


dc inverter input current = ae 197A 


14.9V x 0.85 


The inverter ac output conductor minimum size is determined by multiplying the nameplate output rat- 
ing by 1.25 as stated in 690.8(B)(1) to get 26 amperes. The minimum conductor size is 10 AWG copper. 


Fuel Cell Systems 


A fuel cell is an electrochemical device that converts hydrogen and oxygen into electricity, water, and 
heat. It is like a battery except, rather than requiring periodic recharging, it runs continuously as long as it 
gets a constant supply of hydrogen gas and oxygen. The process was discovered in 1839 and remained a 
curiosity until NASA developed it as an energy source for space travel. Fuel cells were not practical until 
recently because they were expensive to build. In order for the process to work, hydrogen molecules had to 
be broken down into its basic components of electrons and protons. That can be accomplished by exposing 
the hydrogen molecules to a material called a catalyst. The catalyst that can break down hydrogen contains 
the metal platinum, which is very expensive. Advances in chemistry and engineering in recent years have 
reduced the amount of platinum needed in the catalyst. A dvantages of fuel cells is they have no moving parts, 
they run at high efficiency, they produce virtually no noise, and if operated on pure hydrogen, they run pol- 
lution free. All of the major automobile manufacturers are testing fuel cell powered electric vehicles. Fuel 
cells are also being tested as electric power sources for dwellings. As a result, the Code makes provisions in 
Article 692 for fuel cell connection to premises wiring systems. 

A simplified view of a fuel cell is shown in Figure 11.15. Fuel cells manufactured today are actually 
very thin, and they are assembled together in long stacks similar to slices of bread. The fuel cell has two 
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Figure 11.15 A fuel cell has two chambers containing an electrolyte and separated by a membrane. Hydrogen 
gas is injected into one chamber and oxygen into the other. A catalyst separates the hydrogen molecules into pro- 
tons and electrons. The protons move through the membrane to the other side and combine with oxygen to form 
water and heat. The electrons must travel through an external circuit as direct current to get to the other chamber. 


chambers separated by a membrane that is porous to protons. There is an electrode in each chamber partially 
coated with a catalyst. Hydrogen molecules are fed into one chamber, and the catalyst breaks down the mol- 
ecules into protons and electrons. The protons pass through the membrane to the other side. The electrons 
are trapped in the chamber and build up a negative charge. The protons arriving in the second chamber 
create a positive charge. A little less than one volt will develop between the electrodes in each chamber. If a 
circuit is completed between the two electrodes, electrons can flow from the first to the second chamber. 
Oxygen is pumped into the second chamber which combines with the electrons and protons to form water. 
Heat is also produced during this chemical formation of water. Fuel cells produce direct current and many 
cells are assembled into stacks and connected in series to obtain the desired output voltage. 

There are a number of different types of fuel cells available or being tested. Two types are being used 
as stationary units to produce power for premises wiring or interconnection to electric utility grids. One is 
the phosphoric acid fuel cell and the other is the proton-exchange membrane fuel cell. The latter type is being 
tested as a power source for electric vehicles. 

Air contains plenty of oxygen to operate a fuel cell but hydrogen in the form of a gas is needed. 
Hydrogen gas will most likely be readily available in the future, but for now, it is not easy for the consumer 
to obtain. Petroleum fuels and alcohols are good sources of hydrogen. Fuel cells are available that run on 
natural gas, propane, ethanol, methanol, gasoline, and other fuels. Before the fuel cell can get the hydrogen 
it needs from these fuels, the fuel must first be reformed to free the hydrogen to become a gas. A device 
called a reformer must be installed between the fuel tank and the fuel cell. A reformer is not needed if pure 
hydrogen is used as the fuel. The reformer takes oxygen out of the air to combine with the carbon in the fuel 
to free the hydrogen. The waste product from the reformer is mostly carbon dioxide and a little carbon 
monoxide. 

The direct current from the fuel cells can be used to power loads or it can be passed through an inverter 
to convert it to alternating current. A typical fuel cell power system produces a constant supply of electricity 
day and night and is illustrated in Figure 11.16. In order to handle temporary peak loads, the fuel cell power 
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Figure 11.16 A fuel cell system operating as a standby power source uses an inverter to change the direct cur- 
rent to alternating current. The connection to the premises wiring system can be by means of a transfer switch. 
Fuels such as natural gas, ethanol, propane, and gasoline can be used as an energy source but a reformer is needed 
to free the hydrogen so it can be utilized by the fuel cell. 


system can be combined with batteries to extend its capacity. The fuel cell power system can be intercon- 
nected to operate in parallel with the utility power grid. This may not be economical in many areas of the 
country. A fuel cell power system can act as a stand-alone system to power a building with no connection to 
the utility power grid. This may be especially desirable in remote areas where utility electrical lines are not 
available. It would be necessary to transport fuel to the location such as propane. Another alternative is to 
use the fuel cell power system as a standby power unit and connect it to a standard service through a trans- 
fer switch. Fuel cells produce heat as well as electricity. The heat can be reclaimed for water heating and 
space heating. 


Storage Batteries 


A stationary installation of storage batteries to provide electrical energy for premises lighting, power, 
and heating may be a separate system or it may be a part of a number of alternate power systems. Decisions 
relative to guarding of live parts in 110.27 or grounding of the direct current system in 250.162 depends upon 
the system voltage. NEC® 480.2 under nominal battery voltage specifies that voltage is taken as a nominal 
value by cell. For a lead-acid battery it is 2 volts per cell and for an alkali battery it is 1.2 volts per cell. A 
6-volt lead-acid battery has three cells and a 12-volt lead-acid battery has six cells. 

Other important concerns are ventilation of the battery room, 480.8(A), working space around battery 
racks, 480.8(C), and containment of electrolyte leakage, 480.8(D). Ventilated lead-acid batteries release 
hydrogen when charging. If adequate ventilation is not provided, an explosive mixture can accumulate. The 
actual rules for determining working space about battery installations is found in 110.26. Table 110.26(A) 
does not specify whether the voltages are ac or dc. Therefore, they apply to both ac and dc voltages. 
Minimum working space in front of equipment is given in Table 110.26(A) as 3 ft (900 mm). NEC® 
110.26(A)(1)(b) permits a smaller working distance by special permission for systems operating at not more 
than 60 volts dc. Typical battery systems for alternate power production operate at 12, 24, and 48 volts. 

Batteries used for home power should be of the deep cycle type. These are different from automotive 
batteries. Deep cycle batteries are built to be repeatedly heavily discharged. They give up their power at a 
slower rate than an automotive battery but they can take hundreds of deep discharging and recharging cycles. 
Their energy capacity is given in ampere-hours. Assume a deep cycle battery is rated 105 ampere-hours. 
Theoretically, the battery can give up its energy at a rate of 105 amperes for one hour or at a rate of one 
ampere for 105 hours. These batteries are generally rated for an even discharge over 20 hours. This would 
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mean that a 105 ampere-hour battery is rated to deliver a steady current of 5.25 amperes for 20 hours. If more 
current is needed, multiple batteries can be connected in parallel. For example, if four 105 ampere-hour bat- 
teries are connected in parallel, they will be designed to deliver 21 amperes. The batteries will deliver 
current at a much faster rate, but batteries will deliver the maximum energy to a load if discharged slowly. 

Golf cart batteries are generally used for home power applications. They deliver 6 volts and have a 
rating between 220 and 300 ampere-hours. They are unsealed and must be housed in a well ventilated area. 
Since most home applications are at 12 or 24 volts, they are required to be connected in series to obtain the 
required voltage and in parallel to obtain the desired current delivering capacity. Industrial stationary batter- 
ies deliver 2 volts and have ratings up to 3000 ampere-hours. They are generally too bulky and hard to 
handle for home applications. 


Inverters 


An inverter is an electronic device that converts direct current to alternating current. Alternate power 
sources such as batteries, photovoltaics, fuel cells, and some wind machines produce direct current. This 
direct current can be used for many applications but in the home there are appliances that require alternat- 
ing current. M ost inverters are made to accept 12, 24, or 48 volts dc. Inverters made for the U.S. market gen- 
erally have a 2-wire output of 120-volt, 60-hertz ac. Some manufacturers list their inverters to be connected 
in parallel to the dc supply with their outputs connected in series to produce 120/240-volt, 3-wire ac. The 
Code recognizes that most inverters will have a 2-wire, 120-volt ac output. NEC*® 692.10(C) permits a 
120/240-volt, 3-wire panel to be supplied by a stand-alone 2-wire 120-volt power source provided there are 
no 240-volt loads operated or there are no multiwire branch-circuits. 

The output of an inverter may be a true sine wave or it may be a modified sine wave. A true sine wave 
is more difficult to produce and the equipment is more expensive. The output from a true sine wave inverter 
and a modified sine wave inverter is shown in Figure 11.17. The modified sine wave inverter may result in 
interference with some electronic equipment. 


Generators 


Generators are available that produce alternating current and direct current. An ac generator is used for the 
purpose of supplying power to a premises wiring system. Rules applying to generators are found in Article 445. 
NEC® 445.12(A) requires that generators be provided with overload protection. No specific rules are provided as 
to how this is accomplished. It is, therefore, the responsibility of the manufacturer to provide generator overload 
protection. If overcurrent protection is not present and the generator is not marked as inherently protected, then 
overload protection is required to be installed at the generator end of the conductors supplying the premises 


ee TRUE SINE WAVE OUTPUT 


MODIFIED SINE WAVE OUTPUT 


Figure11.17 Thealternating current waveform from an inverter is usually either a true sine wave or a modified 
sine wave. 
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wiring system. All the electrician can do is base the overcurrent protection on the full-load current rating of the 
generator. 

The nameplate is required to provide the generator rated full-load output current. If that value is not 
given, the full-load current can be estimated from the continuous kW rating and the output voltage. 
Equations 11.4 and 11.5 can be used to estimate the full-load current of an ac generator if only the continu- 
ous kW rating and voltage are given. 


Approximate F ull-L oad C urrenty.ppase = an x 2 Eq. 11.4 
Voltage 
Approximate Full-L oad Currents pyase = PE ala Eq. 11.5 


1.73 x Voltage 


NEC® 445.18 requires that a disconnecting means be installed at the generator on the load side of all 
overcurrent and control devices. Generally, this disconnecting means is an integral part of the generator. 
NEC® 445.13 applies to the conductors from the generator terminals to the premises wiring system. The con- 
ductors between the generator and the point of connection to the premises wiring system are not permitted 
to have an ampacity less than 1.15 times the generator rated continuous current. The conductors must have 
an allowable ampacity not less than the rating of the overcurrent protection at the generator. For a permanent 
installation, the conductors are usually run in raceway and sized according to Table 310.16, as shown in 
Figure 11.18. For a portable generator installation where multiconductor flexible cord is used, the conduc- 
tors are sized using Table 400.5(A). Large portable generator installations use single-conductor cables with 
pin and sleeve connectors for each conductor. These cables when used as individual conductors separated in 
air are sized using Table 400.5(B). 


Connecting Alternate Power Sources 


Connecting an alternate power source to a premises wiring system can be done in several ways depend- 
ing upon the purpose of the installation. The most simple installation is where an alternate power source is 
the only electrical supply to a building. In this case, the building is wired as normal unless the power supply 
is 2-wire, 120-volt, 60-hertz ac. In this case, 240-volt circuits and multiwire branch-circuit with a common 
neutral are not permitted. A stand-alone power source such as a photovoltaic system or a fuel cell system is 
connected directly to the main disconnect or service panel for the building. A building panel supplied from 
a 2-wire, 120-volt, 60-hertz inverter is shown in Figure 11.19. This type of connection is permitted by 
690.10(C) and 692.10(C). 

Alternate power sources may be installed to act as backup systems to the normal utility power supply. 
A means must be installed to transfer the load or circuits from the utility supply to the alternate power source. 
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Figure 11.18 The output conductors from a standby generator are required to be sized based upon the rating of 
the overcurrent device on the generator, or if not provided at the generator, not less than 1.15 times the continu- 
ous full-load output of the generator. 
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Figure11.19 A 120-volt, 2-wire inverter output is permitted to supply power to a 3-wire panelboard provided there 
are no 240-volt loads or multiwire branch-circuits. For this stand-alone system, the connections are made in a tap 
box with both sides of the main circuit breaker supplied by the same undergrounded conductor from the inverter. 


This must be done with some type of transfer equipment in such a way that it prevents inadvertent intercon- 
nection of normal and alternate power sources. This is essential to ensure the safety of personnel at the prem- 
ises and working on utility lines. Figure 11.16 shows a single-phase double-pole, double-throw transfer switch 
installed ahead of the main service panel so that all circuits can be supplied from the alternate power source. 
A transfer switch installed at this location will act as the service disconnecting means and must be rated as suit- 
able for use as service equipment. The requirement for the installation of transfer equipment that is legally 
required is found in 701.7(A). The rule for the installation of optional standby power equipment is found in 
702.6. An optional standby power system is defined in 702.1. An optional standby power system is one that 
is permanently installed including the generator and prime mover and also a portable generator connected to 
a premises wiring system through permanently installed transfer equipment such as shown in Figure 11.3. 
For the connection of portable generators for temporary installations where the connection is to a prem- 
ises wiring system normally supplied by utility power, the rules for connection of the alternate power source 
are found in 702.6(C). The connection is required to be made in such a manner that an inadvertent connection 
between utility power and alternate power cannot occur. The load transfer to the standby generator is permit- 
ted by 702.6 where a transfer switch is connected to each circuit that is to be switched to the alternate power 
source as illustrated in Figure 11.20. A fuel cell electrical power system may be used as a back-up system for 
utility power in which case the method of interconnection to the premises wiring system is covered in 692.59. 


Grounding dc Power Sources 


Direct current electrical system grounding is covered in Article 250, Part VIII. Generally dc systems 
are operated as 2-wire systems, although there are applications for a dc 3-wire electrical system. Standard 
convention for direct current systems is to ground the negative terminal or conductor. The ungrounded con- 
ductor is positive. Red terminals are ungrounded or positive, and black or white terminals are grounded or 
negative. NEC® 250.162(A) requires that 2-wire dc systems operating at more than 50 volts, but not more 
than 300 volts and serving a premises wiring system, are required to have one conductor grounded. Any 
3-wire direct current system serving premises wiring is required to have one conductor grounded. NEC® 
250.160 makes reference to other sections of Article 250 not specifically intended for ac power systems, and 
therefore, 250.52 will apply when selecting a grounding electrode for a dc power source. 
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Figure 11.20 A portable generator connected to a premises wiring system is permitted to be connected through a 
load transfer device either on the supply side or the load side of the service disconnecting means. 


The rules for sizing the grounding electrode conductor are found in 250.166. The minimum size copper 
grounding electrode conductor in any caseis 8AWG. The minimum size grounding electrode conductor is not 
permitted to be smaller than the ungrounded conductor. If the grounding electrode is a rod, plate, or pipe, the 
grounding electrode conductor is not required to be larger than size 6 AWG. If a concrete-encased electrode 
is used, the maximum size required is 4 AWG. If a grounding ring is used, the minimum size conductor for 
the grounding ring is 2 AWG and the grounding electrode conductor is required to be of the same size. This 
grounding electrode conductor is required to be connected to the negative conductor either at the dc source or 
at the first overcurrent device or disconnecting means supplied by the source. Optional grounding of dc power 
systems intended to supply premises wiring is common. 

NEC® 250.168 requires a bonding jumper to connect the grounded-circuit conductor, the grounding 
electrode conductor, and the equipment grounding conductor. This conductor is required to be of the same 
size as the grounding electrode conductor sized in accordance with 250.166. 

Even if adc electrical system produced by a stand-alone power source is not required to have one con- 
ductor grounded to the earth, it is required to provide a grounding electrode and connect it to the metallic 
enclosures of the electrical systems with a equipment grounding electrode conductor. The rules for sizing the 
grounding electrode conductor are the same as described in 250.166. 


Direct Current Rating 


Direct current as discussed in U nit 1 is a steady flow of current in one direction. The voltage maintains 
a constant level and the current never stops flowing. With an ac circuit, the voltage reverses polarity two 
times each cycle and reaches a zero value two times each cycle. The current builds to a maximum and 
decreases to zero and stops. Then the current reverses direction. The current actually stops flowing two times 
each cycle. It is easier to open a circuit when the current stops flowing two times each cycle as opposed to 
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continuously flowing in one direction at a constant level. For this reason, devices intended to break current 
flow in adc circuit must be rated for dc operation. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide 445 Generators 


445.18: A generator is required to be equipped with a disconnecting means that will separate the generator 
and all control and protective devices from the premises circuits supplied. This is a requirement if the 
generator is not capable of being easily shut down or in cases where the generator operates in parallel 
with another generator or some other source of electrical power. If it is a stand-alone generator with 
no other sources of power, then this rule does not apply. What is new with this section is that when the 
generator does operate in parallel with another power source, the required disconnecting means must 
be capable of being locked in the open position. 

445:19: This is a new section that permits a single feeder from a single generator or multiple generators operat- 
ing in parallel to supply multiple disconnects in a manner similar to a service supplying up to six discon- 
necting means. The feeder is permitted to supply a single switchboard with multiple overcurrent devices 
or individual enclosures with overcurrent protection. This new arrangement is illustrated in Figure 11.21. 


Artide480 Storage Batteries 


480.5: A disconnecting means now is required to be installed for all ungrounded conductors from a battery sys- 
tem delivering power at over 30 volts. The disconnecting means is required to be readily accessible and 
within sight of the battery system. This same issue is now covered in 240.21(H), except in that section it 
states that the overcurrent protection is to be installed as close to the battery terminals as practical. 


Artide 690 Solar Photovoltaic Systems 


690.4(D): There is a longer list of equipment that may be used with a photovoltaic power system that is 
required to be specifically identified and listed for such use. 

690.5: Ground-fault protection required by the previous edition of the Code only applied to roof-mounted dc 
arrays on dwellings. Now this rule applies to all photovoltaic arrays, but there are two exceptions. The 
first exception applies in the case of ground-located or pole-mounted arrays with not more than two 
source circuits. If all wires are run not on buildings, then ground fault protection is not required. The 
other exception applies to systems not mounted on dwellings and equipment grounding conductors are 


PREMISES WIRING FEEDER GENERATOR 


445.19 FEEDER FROM 
GENERATOR PERMITTED 
TO END IN UP TO SIX 
DISCONNECTS 


Figure 11.21 A feeder from a generator to a premises wiring system is permitted to terminate in up to six dis- 
connecting means grouped in one location or in a single enclosure. 
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sized according to 690.45. That section requires the equipment grounding conductor to have two times 
the ampere rating of the circuit conductors. Photovoltaic systems under short circuit and fault conditions 
do not produce the high-fault currents typically experienced in an ac system, and thus overcurrent 
devices on these dc systems usually do not open quickly. A dequate sizing of the equipment grounding 
conductor is necessary for protection of equipment and fire prevention during a ground-fault. 

690.10(A ): There is an additional requirement that for a stand-alone photovoltaic system, the output of the 
inverter is required to be adequate to supply the largest single load it is intended to supply. 

690.10(D): A stand-alone photovoltaic system is permitted to directly supply a load that is only powered 
when there is adequate light. This new section makes it clear that an energy storage system such as bat- 
teries is not required for a stand-alone system. 

690.31(A): Where a photovoltaic source or output circuit operates at more than 30 volts and is installed 
where readily accessible, the circuit conductors shall be run in raceway. 

690.31(F): When fine stranded cables are used, listed connectors shall be used to terminate the cables. 

690.33(C): Connectors for cables operating at over 30 volts and readily accessible shall be of a type that 
requires a tool for opening. 

690.33(E)(2): The previous edition of the Code required that connectors be of a type that are safe to discon- 
nect under load. That is not always practical. N ow there is a rule that if the connector is not safe to dis- 
connect under load, it shall be of a type that requires a tool to open and be marked with a warning not 
to open under load. 

690.42 Exception: This section permits a connection to a grounding electrode to be made at any single point on 
the system. This new exception permits the grounding electrode to be connected through a listed ground- 
fault detection device that opens the connection to the grounding electrode if a ground fault occurs. 

690.43: When photovoltaic system grounding conductors are installed away from an array, they shall be run 
with the other circuit conductors. 

690.45(A): The rules for sizing an equipment grounding conductor have changed. If there is an overcurrent 
device in the circuit, the equipment grounding conductor is required to be sized based upon that over- 
current device rating using Table 250.122. If there is no overcurrent device, the equipment grounding 
conductor is to be sized using Table 250.122 with the short-circuit current rating of the equipment as 
an assumed overcurrent device. 

690.45(B): For other than dwellings and equipment for which ground-fault protection is not provided, the 
equipment grounding conductor shall have a rating of not less than two times the ampere rating of the cir- 
cuit conductors. The required grounding of a photovoltaic power system is illustrated in Figure 11.22. 
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Figure 11.22 There are new rules to determine the size of the equipment grounding conductor to equipment on 
the dc circuit of a photovoltaic power system for a non-dwelling installation when ground-fault equipment is not 
provided. 
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690.46: This is a new section specifying the minimum size of equipment grounding conductor for a photo- 
voltaic array where there are multiple source circuits to modules. The equipment grounding conductor 
for a group of modules is permitted to be a single conductor sized in accordance with the largest rated 
circuit of the group as permitted in 250.120(C). 

690.47(C): New rules are provided for sizing and installing the grounding electrode conductors for the ac 
and dc portions of the photovoltaic system. 

690.47(D): This is anew section that requires a grounding electrode to be installed for the frames of a pho- 
tovoltaic array that is ground mounted, pole mounted, or roof mounted. If a metal array structure in 
contact with the earth or a metal pole supporting an array is considered to be effectively grounded as 
required by 250.52, then an additional grounding electrode is not required. A roof-mounted array is 
permitted to be grounded to the metal structure of the building if that metal building structure meets 
the requirements of 250.52 as an effective grounding electrode. Photovoltaic systems where the array 
and load served are a single unit are not required to be grounded to the earth. If the array is located 
within 6 ft (1.8 m) of the premises wiring system grounding electrode, an additional grounding elec- 
trode is not required. 

690.57: All sources of power are required to be capable of being disconnected. A marked off position of a 
disconnecting means is to indicate that power has been disconnected. If an inverter is switched off but 
allows ac power to pass to loads, itis to so indicate and not indicate off. A switch marked off must dis- 
connect power in both directions. 

690.64: This section specifies the connection of a photovoltaic power system to operate interactively with a 
utility network. The rules of connection are basically the same as provided in 705.12, which is 
explained later. 


Artide 692 Fuel Cell Systems 


692.41: Fuel cell power systems that have both ac and dc system grounding requirements are permitted to have 
a common grounding electrode for both systems. These systems are required to be bonded together, and 
the grounding electrode conductor is required to be the larger of the ac grounding according to 250.66 
or the dc grounding according to 250.166. 

692.65: This section specifies the connection of a fuel cell power system to operate interactively with a util- 
ity network. The rules of connection are basically the same as provided in 705.12, which is explained 
later. 


Artide695 Fire Pumps 


695.4(A): When a fire pump receives a source of power supply from a generator, a separate disconnect shall 
be provided for the fire pump, and that disconnect shall be in an enclosure separate from disconnects 
for other loads supplied by the generator. 

695.6(B )(2): The supply conductors to a fire pump installation that are routed through a portion of a build- 
ing to supply a fire pump installation are now permitted to be supplied by a conductor assembly that 
is listed for a minimum 2-hour fire-withstand rating. 

695.6(D): Circuit conductors supplying power to a fire pump installation are not permitted to be provided 
with overload protection. Only short-circuit protection is provided. There was some confusion with 
regard to protection of a transformer that may be a part of the power supply circuit. A sentence was 
added pointing out that there is a separate section, 695.5(C)(2), that specifies the overcurrent protec- 
tion for the primary of a transformer supplying a fire pump installation. 


Artide 700 Emergency Systems 


700.6(C): A utomatic transfer switches for systems of under 600 volts are now required to be listed for emer- 
gency use. 

700.9(D)(3): Control wires installed between the load transfer equipment and the emergency generator shall 
be run independent of other wiring. Wiring to the emergency loads was required to be run independ- 
ent of other wiring, but this rule did not include emergency-system control wiring. 

700.12(B )(6): The disconnect located within sight of an outside generator set supplying emergency loads is 
now required to be rated as suitable for use as service equipment. 

700.23: A dimmer listed for use in emergency systems is permitted to control lighting that will automatically 
switch to minimum emergency lighting upon failure of normal power. All circuits supplied by the 
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dimmer are required to be wired as though they are emergency circuits, even though they are not used 
during an emergency. 


Artide 701 Legally Required Stand-by Systems 


701.7(C): An automatic transfer switch rated 600 volts or less and used with a legally required stand-by load 
shall be listed for use with a legally required standby system. 

701.11(B )(5): The disconnect located within sight of an outside generator set supplying power to legally 
required stand-by loads is now required to be rated as suitable for use as service equipment. 

701.18: This section requires coordination of overcurrent devices such that the overcurrent devices closest to 
a load will open on an overload or fault condition before the overcurrent device from which it is sup- 
plied. This is not always easy to accomplish. A new exception was added in the case of a transformer 
supplying a legally required stand-by load and in the case where two overcurrent devices are in series 
and are of the same rating. In either case, this new exception exempts these situations from the coor- 
dination requirement since coordination is impractical to achieve. 


Artide 702 Optional Standby Systems 


702.5(B )(2)(b): An optional stand-by power system is required to be capable of supplying the full intended 
load. The addition is a condition that if a load management system is installed along with automatic 
transfer equipment the stand-by power system need only be capable of supplying the maximum load 
selected by the load management system. 

702.11: The disconnect located within sight of an outside generator set supplying optional stand-by loads is 
now required to be rated as suitable for use as service equipment. 


Artide 705 Interconnected Electric Power Production Systems 


This Article deals with the interconnection of one or more on-site electric power production 
sources with a utility electric power network. The basic principle is that the loads supplied by the 
premises wiring will utilize power from the on-site sources supplemented by the utility network if 
sufficient power is not available on site. When the on-site power sources are producing more elec- 
trical energy than is needed on site, the excess power will be placed on the utility network, and the 
customer will be paid by the utility for the power delivered. On-site sources often produce dc power 
rather than the 60 Hz ac power of the utility network. An inverter is required to convert the dc power 
to ac 60 Hz power. An additional transformer may be required to match the voltages. Whether the 
on-site electric power source is from an inverter or directly from an ac generator, the on-site 60 Hz 
produced ac power must be synchronized with the utility 60 Hz ac supply. Because some equipment 
is connected to the live utility network and also to an on-site source, the equipment is live from both 
sides. This creates special safety and sizing problems that must be addressed. Systems of this type 
are becoming much more prevalent across the country and new issues have arisen that are now 
addressed with this Article. Most of the past rules remain in this Article, but there are substantial 
additions. 

705.12(A): An electric power production source is permitted to be connected on the supply side of the 
service disconnecting means. In the previous edition of the Code, this was permitted, but it was only 
stated in 230.82(6). 

705.12(D): The previous edition of the Code required the power production system connection to be 
located at the service disconnecting means. This new section permits one or more power sources to be 
connected at any distribution point on the premises wiring system. Paragraph (1) requires a disconnect 
for each source. Paragraph (3) requires all sources be connected to the premises wiring on the load side 
of any equipment ground-fault equipment. Paragraph (4) requires the disconnect location of multiple 
sources to be posted at all disconnect locations. Paragraph (5) requires circuit breakers used as dis- 
connecting means to be listed for back feeding and a fine print note to be provided to explain how to 
make that determination. In paragraph (6), it states that the method of securing main circuit breakers 
in a panelboard (408.36(D)) is not required for power source disconnecting means. These changes are 
illustrated in Figure 11.23. 

705.12(D)(2): This is a new section that specifies the ampere rating of a panelboard that is connected to one 
or more sources of power in addition to the utility network source of power. The sum of the ratings of 
all power source overcurrent devices is not permitted to exceed 120% of the panelboard busbar rating, 
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705.12(D) POWER PRODUCTION SYSTEMS PERMITTED TO CONNECT 
AT ANY POINT ON THE PREMISES WIRING SYSTEM 
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Figure 11.23 Power sources that operate interactively with a utility network are permitted to be connected at 
any point on the premises wiring, not just at the main service disconnect location. 


as illustrated in Figure 11.24. This would mean that if a panelboard has a 200-ampere rating, the main 
circuit breaker rating plus the rating of the circuit breaker from the utility-interactive inverter would 
not be permitted to exceed 240 amperes. 

705.12(D)(7): This section specifies the location of the circuit breaker for a utility-interactive inverter with- 
in a panelboard. If the sum of the main circuit breaker rating and the interactive power source circuit 
breaker rating does not exceed the rating of the panelboard, then the interactive circuit breaker is per- 
mitted to be placed at any location within the panelboard. If their combined ratings does exceed the 
rating of the panelboard (see 705.12(D)(2)), then the interactive power source circuit breaker is to be 
installed at the opposite end of the busbars from the utility source circuit breaker. If one is at the top 
of the panelboard, then the other must be located at the bottom of the panelboard. A warning label must 
also be provided at the panelboard stating that the interactive power source circuit breaker is not per- 
mitted to be relocated. 

705.22(5) & (6): Disconnecting means provided for a power production source or components of the system 
provided with disconnecting means shall be of such a type that all ungrounded conductors open simul- 
taneously and that the disconnecting means is capable of being locked in the open position, regardless 
of whether the disconnect is within sight of the equipment. 

705.40: If there is a loss of utility-supplied power to a premises wiring system with a utility-interactive 
inverter, now the inverter is not required to be disconnected if the system is designed to disconnect the 
utility supply and transfer loads to the inverter. 


MULTIPLE POWER 
SOURCES SUPPLYING 


705.12(D)(2) SUM OF POWER 
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Figure 11.24 An electrical panel that has more than one source of power operating in parallel is not permitted to 
have the sum of the circuit breaker ratings exceed 120% of the panelboard bus ampere rating. 
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705.60(A ): This is a new section that defines the maximum input and output current of a utility-interactive 
inverter. These currents are the maximum input and output current ratings of the inverter. 

705.60(B ): The input and output conductor minimum size is required to be not less than 125% of the inverter 
rated input and output currents respectively. This section also specifies the minimum rating of the over- 
current devices protecting the inverter input and output conductors. The overcurrent device is not per- 
mitted to be less than 125% of the inverter input and output current rating. It is permitted to apply 
240.6(A) and to round this overcurrent device up to the next standard size if the calculated value does not 
match a standard rating. 

705.65(A ): The maximum rating of overcurrent device protecting the inverter input and output conductors is 
to be determined according to Article 240. Presumably, this means 240.4, which requires the conduc- 
tors to be protected in accordance with their ampere rating. 

705.65(B): A transformer is sometimes installed between the inverter and the point of connection to the 
premises wiring system. This section requires overcurrent protection on both sides of the transformer 
since it is energized from both sides. The transformer overcurrent rules of 450.3 are to apply. The over- 
current devices are to be sized based upon the transformer being energized from the inverter (primary); 
then the overcurrent devices are to be sized based upon the transformer being energized from the util- 
ity supply end (primary). 

705.65(D): Overcurrent devices used in dc circuits of a photovoltaic power system shall be rated for dc oper- 
ation. 

705.95: Inverter output is frequently 120 volts and when connected to one ungrounded conductor and the 
neutral of a 120/240 volt, 3-wire single-phase premises wiring system, or to a 208/120 volt, 4-wire 
3-phase premises wiring system, the power supplied from the inverter reduces the effectiveness of the 
typical load balancing that is inherent as a part of these electrical systems because the current returns 
to the inverter rather than the supply transformer. This rule requires that the inverter rated output cur- 
rent be added to the maximum load connected to any one ungrounded conductor when sizing neutral 
conductors. This is shown in Figure 11.25. 


Artide 708 Critical Operations Power Systems 


This is a new Article providing rules for wiring facilities or portions of facilities considered to be 
critical operations power systems (COPS) by municipal, state, or federal codes. M any of the rules in 
this Article are directed at the electrical contractor performing the installation or the electrical inspec- 
tor. M any of the rules are directed to the owner of the facility or the management of the facility. The 
following is a brief review of rules dealing with the electrical supply, equipment, and the wiring of the 
equipment. The intent is to ensure the continued operation of critical functions during a widespread 
disaster that results in a lengthy interruption of electrical power. The facility is to be capable of main- 
taining critical operations for an extended period of time. 

708.5(B ): Access to circuits and equipment associated with critical operations shall be limited to qualified 
personnel. 


705.95 MINIMUM NEUTRAL 
AMPERE RATING NOT LESS 
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CALCULATED LOAD PLUS 
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CURRENT 


120/124 VOLT, 3-WIRE 
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ELECTRICAL SYSTEM 


120 VOLT OUTPUT 
FROM INVERTER 


Figure 11.25 When a 120-volt, 2-wire supply from an inverter feeds into a 120/240 volt, 3-wire, single-phase 
system, or a 208/120 volt, 4-wire, 3-phase system, the neutral conductor is to have an ampere rating not less than 
the maximum unbalanced load plus the output rating of the inverter. 
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708.10(A )(1): All boxes, enclosures, and equipment are required to be marked as a part of the critical power 
system. 

708.10(A )(2): Cover plates or receptacles supplied by a critical power circuit shall have a distinctive color 
or other marking. 

708.10(B ): Wiring for critical operations circuits is not permitted to share the same raceway, cable, box, or 
cabinet with circuits that are not a part of the critical power system. 

708.10(C)(1): The acceptable wiring systems are provided in this section. Circuits are to be run in Rigid 
Metal Conduit, Intermediate M etal Conduit, or Type MI cable. Other types of raceway as listed are 
permitted if encased in not less than 2 in. (50 mm) of concrete. M aterials permitted for making flexi- 
ble connections are also stated. 

708.10(C)(2): Feeders supplying critical operations circuits are required to be installed in such a way that 
they have a minimum 1-hour fire rating. A cceptable methods are discussed in this section. 

708.11(A ): Distribution equipment is required to be installed in the same area as the circuits supplied. 

708.11(B ): Feeder distribution equipment is required to be installed in spaces with a 2-hour fire resistance 
rating and located above the 100-year flood plain. 

708.14: Wiring supplying HVAC equipment, fire alarms, security, emergency communications, and signal- 
ing systems is required to be installed using the same methods as power wiring. In this section is a list 
of specific requirements depending upon the type of circuit. 

708.20(A ): This section deals with the source of power for the critical operations circuits. Power is to be 
restored to circuits in an appropriate time interval. 

708.20(B ): If installed inside, the power source is required to be installed in a space fully protected by an 
automatic fire suppression system or a space with a 1-hour fire rating. 

708.20(C): All power sources are required to be grounded as a separately derived system (250.30); however, 
there is an exception depending upon how the equipment is installed. 

708.20(D): Surge protection is required to be installed, but there is no specific rule as to exactly which equip- 
ment is required to be provided with surge protection. 

708.20(E): A uttomotive-type batteries are not permitted. 

708.20(F)(1): An engine-driven generator is to be automatically starting upon loss of normal power; however, 
there is required delay in starting of at least 15 minutes to avoid nuisance starting and load transfer upon 
short-time interruptions of normal power. 

708.22(A ): The power source is required to be capable of supplying all of the critical operations loads simul- 
taneously. An alternate power source (portable is permitted) is required to be available to supply crit- 
ical operations loads if the main power source is taken out of service for maintenance or repair. This 
alternate power source is permitted to supply legally required stand-by circuits (Article 701), and 
optional standby circuits (Article 702). 

708.22(C): The alternate power source is required to be capable of supplying the full critical operations load 
for a period of up to 72 hours. 

708.24: Specifications for load transfer equipment are contained in this section. This transfer switch is only 
permitted to supply loads that are designated as critical operations loads. 

708.30: Branch circuits from the critical operations power system are only permitted to supply critical oper- 
ations equipment. 

708.52(B): This rule applies to equipment ground-fault protection for the service and feeders as required by 
230.95 and 215.10. Similar to health care facilities, if equipment ground-fault protection is required at 
the main disconnecting means for the critical operations power system, then equipment ground-fault 
protection is required to be installed at the disconnects for the feeders supplied by this main discon- 
necting means. This is to prevent a ground-fault downstream from a feeder overcurrent device from 
taking out the entire critical-operations power system. Proper coordination of devices must, therefore, 
be provided. 

708.54: Overcurrent devices for the entire critical operations power system are required to be coordinated 
such that a down-line overcurrent device will operate before any overcurrent device that supplies it will 
operate. 


Artide760 FireAlarm Systems 
There was considerable renumbering of the sections in this Article. The sections remain basically the same, 


but section 760.7 was changed to 760.21, and all of the sections following were given new numbers. 
Those sections remain in the same order as in the previous edition of the Code. 
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760.3(G): This is a new paragraph that prohibits fire alarm cables to be run in raceways or cable trays that 
contain water, gas, drain, or air. 

760.24: Cable ties are now recognized as a permitted means of supporting fire alarm cable to the structure. 

760.41(B ): This section deals with the power source for a non- power-limited fire alarm circuit. There is a 
new requirement that an individual circuit supply the fire alarm power source. 

760.121(B): This section deals with the power source for a power-limited fire alarm circuit. There is a new 
requirement that an individual circuit supply the fire alarm power source. 

760.176: There is a new requirement that non-power-limited fire alarm cable installed in a wet location is 
required to be listed for use in a wet location or have a moisture-impervious metal sheath. 

760.179: There is anew requirement that power-limited fire alarm cable installed in a wet location is required 
to be listed for use in a wet location or have a moisture-impervious metal sheath. 
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WORKSHEET NO. 11— BEGINNING 
EMERGENCY AND ALTERNATE POWER 
SYSTEMS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 5.5-kW portable generator supplies 120/240-volt single-phase power to a generator 
panel in a building that is installed on the load side of the service disconnecting means. 
The panel contains single pole double-throw switches installed on selected circuits 
from the main panel. The output of the generator has an overcurrent protector in each 
ungrounded conductor that does not serve as a disconnecting means at the generator. 
The generator is accessible and the engine can easily be shut off. A single disconnect- 
ing means is (see Figure 11.24): 

A. required to be installed either in the building or at the generator to disconnect 
all ungrounded conductors. 

B. required to be installed at the generator and also in the building. 

C. required to be installed only at the generator. 

D. required to be installed only at the termination of the conductors within the 
building. 

E. not required to be installed because the engine can readily be shut down. 


Codereference. 
2. A standby power system for sensitive equipment in a commercial building is 
supplied by a power system using single-cell stationary lead-acid batteries. The 
installation is shown in Figure 11.26. The nominal output voltage of 24 single-cell 
lead-acid batteries connected in series is: 
A. 24 volts. C. 48 volts. E. 144 volts. 
B. 28.8 volts. D. 72 volts. 


Code reference 


Figure 11.26 Twenty-four lead-acid, liquid electrolyte, single-cell batteries are connected in series as a part of 
an alternate power system. 
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3. Storage batteries are installed at a dwelling as a part of a solar photovoltaic power 
system. The cells of the storage batteries are not permitted to be connected in such 
a way that the system operates at: 
A. more than 24 volts. D. more than 120 volts. 
B. 50 volts or more. E. more than 150 volts. 
C. 67 volts or more. 
Codereference 
4. A stand-alone photovoltaic system is shown in Figure 11.27. The photovoltaic 
source circuit in Figure 11.27 is labeled with the letter: 
A. A C,, E.. E 
B. B D. D 


Codereference 
5. The nameplate of a fuel cell electrical power unit, among other information, is 
required to include: 
maximum short-circuit current. 
minimum output feeder conductor size. 
maximum intermittent current rating. 
minimum safe operating voltage. 
continuous output current rating. 


moOOw> 


Codereference 
6. A fuel cell system is located outside and the feeder conductors run underground to 
the building and terminate at the distribution panel in the building. A disconnecting 
means for the feeder between the fuel cell unit and the building: 
A. shall be located at the fuel cell unit. 
B. shall be a fusible switch located on the outside of the building at the point of 
entry of the fuel cell feeder conductors. 
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Figure11.27 A photovoltaic power system consists of the solar array, a charge controller, a set of batteries, and 
an inverter, along with circuit breakers and fuses to provide safety and protection. 
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C. is permitted to be the main in the service panel. 

D. is required to have integral overcurrent protection rated at not more than 
1.15 times the continuous output current rating of the fuel cell unit. 

E. shall open both conductors if the output is a 2-wire at 120 volts. 


Codereference 
7. The fire pump installation shown in Figure 11.28 receives the source of power directly 
from a utility transformer. There is no central station monitoring, local signaling, or 
sealing program with weekly inspections to supervise the disconnect to make sure it is 
maintained in the closed position. Supervision of the disconnect is: 
A. not required when less than 1000 persons occupy the building. 
B. not required if the fire pump installation is located in a dedicated 1-hour fire- 
rated room. 
C. permitted to be a lock that prevents the switch to be turned off without use of a 
key. 
D. required to be in the form of an audible intermittent sounding horn. 
only required for certain facilities such as hospitals and assembly halls that are 
occupied by more than 1000 persons. 


m 


Codereference. 
8. A fire pump installation consists of only one motor that is rated 60-horsepower, 
3-phase, 460-volt, design B as shown in Figure 11.28. Conductors are copper with 
75°C rated terminations. The minimum size copper Type THWN conductor permit- 
ted to be run from the controller to the fire pump motor is: 
A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Codereference 
9, Thecircuit conductors from an emergency panelboard to exit signs in a building are: 
A. required to be run only in Type MI, MC, or AC Cable, or metallic raceway. 
B. required to be run in Rigid M etal Conduit. 
C. permitted to be run in the same raceway with normal power conductors provided 
all conductors have 600-volt insulation. 
D. required to be run in separate raceways even when two separate emergency cir- 
cuits originate from the same panelboard. 
E. not permitted to be run in the same raceway with other power or lighting circuit 
conductors. 
Code reference 
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Figure 11.28 The fire pump system is powered with a single 60-horsepower, 3-phase, 460-volt design B motor 
with no other loads. 
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Figure 11.29 How is the emergency illumination unit required to be connected in an area where emergency illu- 
mination is required? 


10. An area requiring emergency illumination is provided with self-contained battery- 
powered automatically controlled lighting units with a build-in battery charger as 
shown in Figure 11.29. The illumination units are required to be connected to: 

A. abranch-circuit serving the lighting in the area covered by the emergency light- 
ing unit and connected on the supply side of any switching. 


B. adedicated circuit from the first normal power panelboard serving the building. 

C. any circuit serving the building. 

D. adedicated circuit from the emergency panelboard serving the building. 

E. abranch-circuit serving the lighting in the area covered by the emergency light- 

ing unit and connected on the load side of any switching. 
Codereference. 

11. A legally required standby power system is one that automatically supplies power to: 

A. emergency electrical systems. 

B. other than emergency electrical systems. 

C. batteries of unit emergency equipment such as area lighting and exit signs. 

D. exit signs and required building evacuation lighting units. 

E. loads in not more than 10 seconds. 


Codereference 

12. The wiring supplied by an optional standby power system is: 

A. required to be kept completely separate from circuits of the general wiring of 
the building. 
required to be energized in not more than 60 seconds of a power outage. 
required to be run in raceway. 
permitted to occupy the same cabinets, boxes, cables, and raceways with gener- 
al building wiring. 
E. required to be run through the building concealed within spaces that have a min- 

imum 15-minute fire rating. 


OO” 


Code reference 
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13. Analternate power production system is to be connected to operate in parallel with 
the utility supply as an interconnected electric power production source. The alter- 
nate power production system connection to the building electrical system is: 

A. required to be on the supply side of the service disconnecting means. 

B. required to be on the load side of the service disconnecting means. 

C. required to be at the service disconnecting means but permitted to be connected 
either on the supply side or on the load side of the disconnect. 

D. permitted to be made at any location within the building. 

E. required to be at the utility transformer location. 


Codereference 

14. Fire alarm cables that are abandoned and not tagged for future use: 

A. are required to be removed in their entirety to prevent spread of fire. 

B. shall have the accessible portion of the cables removed. 

C. are required to be removed only over suspended grid-type ceilings. 

D. are required to be removed only if the cables are not rated for installation in 
plenums. 
are permitted to remain in place even if in accessible areas. 


m 


Codereference 
15. A receptacle in the unfinished portion of the basement of a dwelling that is installed 
to provide power to a non-power-limited fire alarm system is: 
required to be ground-fault circuit-interrupter protected. 
required to be protected by an arc-fault circuit interrupter. 
required to be controlled by a switch. 
not permitted to be ground-fault circuit-interrupter protected. 
not permitted and the installation is required to be supplied by a circuit near an 
exit door on the first level. 
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Code reference 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Emergency and Alternate Power Systems 391 


WORKSHEET NO. 11— ADVANCED 
EMERGENCY AND ALTERNATE POWER 
SYSTEMS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. An engine-driven standby generator set is located outside and is permanently 
installed to supply a building. The output of the generator is 3-phase, 208Y /120-volt, 
4-wire and the generator is rated 60 kW with a 200-ampere circuit breaker protect- 
ing the output of the generator. The minimum size copper conductors with 75°C 
insulation from the generator to the distribution panelboard inside the building is: 
A. 1/0AWG. C. 3/0AWG. E. 250 kcmil. 

B. 2/0AWG. D. 4/0AWG. 


Codereference 

2. A standby power system for sensitive electrical equipment in a commercial building 
is supplied by single-cell stationary vented lead-acid batteries. Twenty-four of the 
batteries are installed in a rack that is 36 in. (0.91 m) wide and 72 in. (1.83 m) long. 
Each individual battery contains 2.2 gallons (8.3 L) of liquid electrolyte (see Figure 
11.26). An electrolyte catchment below the batteries is: 

not required. 

required to be capable of retaining 2.2 gallons. 

required to be capable of retaining 13.2 gallons. 

required to be capable of retaining 52.8 gallons. 

required to be capable of retaining 66.0 gallons. 


mMmOOUOLD 


Codereference. 

3. A solar photovoltaic array, as shown in Figure 11.30, consists of eight modules con- 
nected in parallel. The common connecting point with overcurrent protection and 
blocking diodes is located on the backside of the array. The photovoltaic output 
circuit runs from the back of the array to a disconnect switch with overcurrent pro- 
tection then underground to an adjacent building which houses the charge controller, 
batteries, and inverter. The nameplate rating of the 36 cell modules is: open-circuit 


DISCONNECT 
AND 
OVERCURRENT 


PROTECTION 8 MODULES 


110 W EACH 


NEGATIVE 
CONDUCTOR —s) TO ADJACENT — PHOTOVOLTAIC 
GROUNDED BUILDING §—=— QUTPUT CIRCUIT 


Figure 11.30 Eight solar modules are connected in parallel with one set of conductors between the solar panel 
and the disconnect and from the disconnect to an adjacent building. 
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voltage =21.0 volts; short-circuit current = 7.22 amperes; operating voltage = 17.0 volts; 
operating current 6.74 amperes; and maximum power = 110 watts. The photovoltaic 
output circuit is run as copper conductors in underground raceway to the adjacent build- 
ing and the conductors have 75°C insulation and terminations. The minimum size 
conductors is: 

A. lOAWG. C. 6AWG. E. 3AWG. 

B. 8AWG. D. 4AWG. 


Codereference. 

4. A solar photovoltaic power system similar to the system shown in Figure 11.30 has 

parallel modules connected at a collecting point on the back of the array. The pho- 

tovoltaic output circuit runs from the array to the disconnect then to an adjacent 

building housing the remaining components of the system. The photovoltaic output 

circuit conductors are size 4 AWG copper with 75°C insulation and terminations. 

The photovoltaic output dc circuit is grounded to a driven 8 ft (2.5 m) rod at the dis- 

connect adjacent to the array. The minimum size grounding electrode conductor per- 

mitted for this solar photovoltaic power system is: 

A. 8AWG. C. 4AWG. E. 2AWG. 

B. 6AWG. D. 3AWG. 


Codereference 

5. A stand-alone fuel cell system is connected to a building wiring system through a 

transfer switch and serves as backup power for essential circuits. The installation is 

shown in Figure 11.31. T he output from the inverter is 120 volts, 2-wire. This arrange- 

ment is permitted only if: 

A. there are no 240-volt, or multiwire branch-circuits supplied by the fuel cell 

system. 
B. the transfer switch is located ahead of the main disconnect for the service. 


METAL 
RACEWAY 
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[fo | INVERTER 
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A 
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SERVICE RACEWAY 
PANEL 
=| | 
— an DIRECT CURRENT 
aie FROM FUEL CELL 


PANEL WITH 
ESSENTIAL CIRCUITS 


Figure 11.31 A transfer switch is installed on the load side of the service panel to a building with the essential 
circuits in a separate panelboard. The transfer switch is connected in such a way that the 120-volt, 2-wire output 
from the fuel cell system supplies both ungrounded busses in the essential circuit panel. 
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C. the inverter output is run through a transformer to produce a 120/240-volt, 
3-wire electrical system. 

D. the fuel cell system output is changed over to 120/240-volt, 3-wire. 

the output of the inverter is not less than the sum of the overcurrent devices 

supplied. 


m 


Codereference 

6. A fuel cell system is complete with inverter and transformer and has a nameplate 

output of 58 amperes continuous full-load alternating current at 120/240 volts, 

3-wire. The output of the fuel cell unit is protected with a 2-pole, 60-ampere circuit 

breaker. The feeder conductors from the fuel cell to the premises wiring system are 

copper with 75°C insulation and terminations. The minimum size conductors per- 

mitted for the feeder is: 

A. 10AWG. C. 6AWG. E. 3AWG. 

B. 8AWG. D. 4AWG. 


Codereference 
7. A 50-horsepower, 460-volt, 3-phase, design B fire pump motor in a building is supplied 
with copper conductors size 4 AWG with 75°C insulation and terminations. The fire 
pump circuit is protected with a fusible disconnect as shown in Figure 11.32. The min- 
imum size fuses permitted for the circuit is: 
A. 90 amperes. D. 350 amperes. 
B. 100 amperes. E. 400 amperes. 
C. 300 amperes. 
Codereference 
8. The flexible conductor connection between the listed fire pump controller and the 
fire pump, as shown in Figure 11.32, is: 
required to be Flexible M etallic Tubing. 
required to be Liquidtight Flexible Nonmetallic Conduit. 
permitted to be Type MC Cable. 
permitted to be Liquidtight Flexible Nonmetallic Conduit, Type B. 
permitted to be Electrical Nonmetallic Tubing. 


mOOD> 


Code reference 
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Figure 11.32 A fire pump is rated 50-horsepower, 3-phase, 460-volt, design B and is the only load supplied by 
the system. 
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9. The authority having jurisdiction may rule in some situations that the electrical sup- 

ply for an emergency panel is permitted to be: 

A. acircuitin the first panelboard of the normal power system. 

B. atap to the normal service conductors entering the building provided the tap is 
made ahead of the main service disconnect. 

C. atap to the normal service made at the main lugs of the disconnect. 

D. a separate and independent service to the building supplying only the emer- 
gency panelboard. 

E. any circuit from the normal power system in the building. 


Codereference 
10. An area requiring emergency illumination that has high-intensity discharge lighting 
such as high-pressure sodium, metal halide, or mercury vapor as the normal lighting, 
in the case of a power interruption, is required to: 

A. have emergency illumination that will remain operating until the normal illumi- 
nation units are operating or provide other means of illumination until the lumi- 
naires (lighting fixtures) restrike. 
operate only until the power to the circuit has been restored. 

C. have several incandescent or fluorescent luminaires (lighting fixtures) that oper- 
ate continuously controlled only by a locked-on circuit breaker. 

D. also have incandescent or fluorescent luminaires (lighting fixtures) on the same 
circuits with the high intensity discharge lights. 

E. provide extra exit doors to the area. 


ww 


Codereference. 
11. Circuit wiring supplied by the legally required standby power system is: 

A. required to be kept completely independent of other circuits in the building. 

B. only permitted to be run in TypeAC , MC, or MI Cable or run as single con- 
ductors in metal raceway. 

C. required to receive power after an outage with a time period not to exceed 
10 seconds. 

D. permitted to occupy the same raceways, cables, boxes, and cabinets with other 
general wiring. 

E. permitted to utilize manual transfer equipment if the building has qualified 
maintenance personnel on duty at all times. 


Codereference 

12. A portable engine-generator set that is connected to a premises wiring system by 

means of a transfer switch is: 
permitted to serve on a legally required standby power system. 
only required to meet the rules of a temporary electrical system. 
a violation and not permitted to supply power to a premises wiring system. 
not permitted to be used to supply emergency circuits if rated less than 10 kW. 
considered to be an optional standby power system. 


mOOD> 


Code reference 
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Figure 11.33 A dc power source is connected in parallel with a utility supply and tapped ahead of the service 
disconnect. 


13. A dc power source is operated as an interconnected electric power production sys- 
tem in parallel with the utility supply through an inverter and connected as shown in 
Figure 11.33. The system disconnect is: 

A. required to be a manual switch. 
B. permitted to contain fuses that at times may be energized with the switch in the 
off position and marked with a warning. 

required to be kept locked in the open position. 

not permitted to be a circuit breaker. 

required to be power operable. 


moo 


Codereference 
14. Fire alarm cables in aroom with a non-fire-rated suspended ceiling grid of an exist- 
ing building are not permitted to be supported by the ceiling grid: 
A. unless there are no more than three cables in any 10 ft by 10 ft (3 m by 3 m) 
area. 
except where there is a maintenance electrician. 
C. unless the cables have a diameter not more than 1/2 in. (13 mm) and there are no 
more than three cables across any one ceiling tile. 
D. unless only one cable is across any one ceiling tile. 
in any type of building. 


ww 
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Code reference 
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15. The initiation circuit conductors of a non- power-limited fire alarm system are stranded 
copper and run in Electrical Metallic Tubing throughout a building. The continuous 
supervisory current flow in the circuit conductors is 0.2 amperes. The minimum size 
conductor permitted for this installation is: 

A. 24AWG. C. 18AWG. E. 14AWG. 
B. 20AWG. D. 16AWG. 


Code reference 
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UNIT 12 


Industrial Electrical 
Applications 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 


* determine the minimum dimensions of cable tray permitted for given sizes and num- 
bers of wires and cables. 


* describe the conductor insulating method for integrated gas spacer cable. 

¢ determine the maximum ampacity of wires and cables to be installed in cable tray. 

* determine the minimum current rating of the supply conductors for an electric welder. 
* determine the maximum ampacity for wires to be installed in cablebus. 

* define the different methods of electrically heating pipelines and vessels. 


¢ determine the maximum ampacity of branch-circuit conductors for a noncontinuous 
motor on a crane, hoist, or monorail hoist. 


* explain the application of Article 665 on induction heating and dielectric heating to the 
types of facilities. 


¢ explain how dielectric heating works in comparison with induction heating. 

¢ describe facilities to which Article 668, dealing with electrolytic cells, and Article 669, 
dealing with electroplating, shall apply. 

¢ determine the minimum size supply conductor permitted for an industrial machine if 
the nameplate information is given. 

* describe the different types of optical fiber cables and their applications. 

* answer wiring installation questions from Articles 326, 368, 370, 392, 427, 490, 610, 
630, 665, 668, 669, 670, 727, and 770. 

¢ state at least three changes that occurred from the 2005 to the 2008 Code for Articles 
392, 427, 490, 610, 665, 727, and 770. 


CODE DISCUSSION 


This unit deals with wiring methods and materials commonly used in industrial installations but not 
necessarily limited to industrial use. Several wiring methods are discussed from Chapter 3 of the Code that 
are used most frequently in industrial and commercial wiring. Installation of electric heating equipment for 
pipelines and vessels is also described. Chapter 6 of the Code deals with the wiring of special equipment. 
Several types of special equipment for industrial applications are covered in this unit. 

Article 326 deals with integrated gas spacer cable where pressurized sulfur hexafluoride gas and dry 
kraft paper tapes are used as the conductor insulation. The conductor or conductors are contained within a 
flexible nonmetallic conduit. The pressurized gas-filled cable assembly helps prevent contaminants from 
entering the assembly and causing cable failure. As stated in 326.104, the minimum conductor size permitted 
is 250 kcmil solid aluminum. A single solid aluminum conductor not smaller than 250 kcmil is permitted in 
the cable, or the conductor is permitted to be formed using up to nineteen 250 kcmil solid aluminum rods laid 
parallel. 
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Article 368 covers busways, which is a form of an electrical distribution system that provides flexibility 
for future changes. Busway is especially well suited for manufacturing facilities where exact placement of 
equipment may not be known at the time of construction or where equipment is periodically rearranged. 
Busway is a factory-assembled metal enclosure containing electrical conductors, usually in the form of cop- 
per or aluminum bars insulated from the metal enclosure. B usway is frequently used in commercial and indus- 
trial work areas by attaching to the ceiling with a spacing not to exceed 5 ft (1.5 m), 368.30. Circuit breaker 
or fusible tap boxes are attached to the busway, and various raceway or cable wiring methods listed in 
368.56(A) are permitted to extend down to a workstation, machine, motor control center, or electrical panel- 
board. NEC® 364.56(B) permits suitable cord and cable assemblies rated for extra-hard usage or hard usage 
to be used as drops from a busway tap box to equipment. There is also a listed bus drop cable for this pur- 
pose. A suitable tension take-up support device is required to be used with cord and cable assemblies. The 
maximum distance from the cord or cable termination to the strain relief take-up device or intermediate sup- 
port is 6 ft (1.8 m) as shown in Figure 12.1. NEC® 368.17(C) requires that plug-in devices to tap for branch- 
circuits and feeders contain overcurrent protection. The plug-in tap device is required to contain a circuit 
breaker or a fusible switch, which shall by some means be operable for the floor level. Generally, these plug- 
in tap devices are located high in the room and out of reach of an operator. The busway will have a name- 
plate current rating and it is required to be protected in accordance with the busway ampacity. NEC® 
368.17(B) Exception does permit the reduction in size of a busway without overcurrent protection at the point 
where the size is reduced. U nder these circumstances, a length of reduced ampacity busway is required to be 
adequate to supply the load and not more than 50 ft (15 m) in length. 

Article 370 covers the installation of cablebus. Cablebus is a factory-made cable and ventilated metal 
framework system that is usually field-assembled. NEC® 370.3 permits cablebus to be used for services, feeders, 
and branch-circuits. The minimum permitted size of insulated conductors is size 1/0 AWG, which is covered in 
370.4(C). The conductors are supported periodically on insulating blocks made for the cablebus. The maximum 
permitted support spacing for horizontal and vertical runs of cablebus is covered in 370.6. Figure 12.2 shows a 
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Figure 12.1 Flexible cord or cable drops from a busway are required to be supported at intervals of not more 
than 6 ft (1.8 m) and within a distance of 6 ft (1.8 m) from the strain relief take-up device. 
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Figure 12.2 Cross-sectional view of a cablebus which is permitted to be used for branch-circuits, feeders, and 
services. 


cross section of cablebus. The metal framework of cablebus is permitted to be used as an equipment grounding 
conductor, as stated in 370.3 and 250.118(12). The grounding requirements are covered in 370.9. 

The ampacity of the conductors is permitted to be determined using Tables 310.17 and 310.19, which 
are for single-insulated conductors in free air. For circuits operating at more than 600 volts, Table 310.69 and 
Table 310.70 shall be used. Also, it should be noted in 370.5 that the next standard rating overcurrent device 
is permitted to be used when conductor ampacity does not correspond to a standard rating overcurrent device 
provided the rating does not exceed 800 amperes. For example, a Type THWN copper wire size 700 kcmil 
with a rating of 755 amperes, found in Table 310.17, is permitted to be protected with an 800-ampere over- 
current device. 

Article 392 deals with cable trays, which are defined in 392.2.A cable tray has a rectangular cross sec- 
tion and is a form of support system for conductors, cables, conduit, and tubing. A typical ladder-type cable 
tray is illustrated in Figure 12.3. Single-conductor cable installed in cable tray is not permitted to be smaller 
than size 1/0 AWG, as stated in 392.3(B)(1). All single-conductor cable installed in cable tray is required to 
be marked for use in cable tray on the exterior of the cable. Generally single-conductor cables size 1/0 AWG 
and larger of types such as XHHW, THHN, THWN, THW, RHH, and RHW are listed for use in cable trays. 
M ulticonductor cables Type TC and Type MC with three or four Type X HHW insulated conductors plus an 
equipment grounding conductor are in common use. Individual conductor sizes range from size 8 AW G cop- 
per to 1000 kcmil. Cables rated over 600 volts are usually Type MV or Type MC with conductors appropri- 
ate for the circuit voltage. 

Standard widths of ladder-type and trough-type cable trays are 6, 9, 12, 18, 24, 30, and 36 in. (150, 225, 
300, 450, 600, 750, and 900 mm). Typical lengths are 10 ft (3 m) and 12 ft (3.7 m). There is no specific support 
spacing required in the Code. In addition to the ladder type, cable tray is available as a solid bottom and a ven- 
tilated trough. Channel-type cable tray is available in widths of 2, 3, 4, and 6 in. (50, 75, 100, and 150 mm). 


NEC® 392.3(B)(1) LADDER-TYPE 
MINIMUM WIRE SIZE 1/0 AWG CABLE TRAY 


v 


a = 


Figure 12.3 A ladder-type cable tray is permitted to support single-conductor cables, marked for use in cable 
trays, and multiconductor cables as listed in 392.3(A)(1). 
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NEC® 392.6(C) MAXIMUM DISTANCE BETWEEN SUPPORTS 
SHALL BE ACCORDING TO MANUFACTURER’S INSTRUCTIONS 


CABLE TRAY 


42B 


Figure12.4 Cabletray is required to be supported at regular intervals according to manufacturer’s instructions. 


Channel type cable tray is often used for conductor and cable drops from the main cable tray to loads. It is 
available with a solid bottom and ventilated. NEC® 392.6(C) requires cable tray support to be according to the 
manufacturers instructions as shown in Figure 12.4. For a particular support spacing, cable tray is rated by the 
manufacturer for a maximum load on a pounds-per-linear-ft basis (1 pound per linear foot = 1.49 kilograms 
per linear meter) for cables and raceways supported by the cable tray and any other environmental loads. 
Standard support spacings for cable trays are 8, 12, 16, and 20 ft (2.5, 3.7, 4.9, and 6 m).A manufacturer will 
provide a load class designation for a particular cable tray consisting of a number and a letter. The number is 
the recommended maximum support spacing. The letter is the working load category, which is A for a 
50-pound-per-linear-ft (75 kg/m) load, B for 75 pounds per linear ft (112 kg/m), and C for 100 pounds per lin- 
ear ft (150 kg/m). Assume an aluminum ladder-type cable tray has a load classification 8B. The recommended 
maximum support spacing is every 8 ft (2.5 m), and with that spacing the load is not permitted to exceed 
75 pounds per linear ft (112 kg/m) Figure 12.4. 

W hen installed outside, it may be necessary to calculate the side pressure on a linear-ft basis for wind 
or a vertical loading expected from ice or snow. In northern climates, ice and snow load is added to the con- 
ductor loading. Support spacing may be determined on the availability of points within a building from 
which to anchor supports. When spanning open areas, the cable is usually supported in a trapeze style. 
When run adjacent to a wall, a cantilever support to the wall is frequently used. These supports are illus- 
trated in Figure 12.5. If the desired support spacing is not practical to achieve, cable trays are available with 


CABLE TRAY 


TRAPEZE 
SUPPORT 


CANTILEVER 
SUPPORT 


Figure 12.5 Typical means of support for cable trays are the cantilever support when attaching to side walls, and 
the trapeze support when attaching to structural members above the cable tray. 
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stronger side rails to support the weight for longer spans. Cable trays are not required to be mechanically 
continuous, but bonding is required. Thermal expansion and contraction may also need to be considered in 
some locations where the cable tray will be installed in an area where the temperature will change. 

NEC® 392.7 covers the situation in which the cable tray is permitted to serve as the equipment ground- 
ing conductor. Table 392. 7(B) gives the maximum circuit rating for a given cable tray cross-sectional area for 
which the cable tray may act as the equipment grounding conductor. M uch of the remainder of the article deals 
with the number of wires and cables permitted to be installed in cable trays. Examples of conductor installa- 
tion and determination of the minimum permitted width of cable tray are explained later in this unit. 

Methods for determining the width of cable tray for the types and sizes of cables to be installed are 
explained in 392.9 for multiconductor cables in the cable tray, and in 392.10 when single-conductor cables 
are installed. How the cables are installed in the cable tray influences the method to be used to determine the 
conductor ampacity. If multiconductor cables are installed so that the cables have a space between them of 
at least one cable diameter, then conductor ampacity can be determined using the method of 392.11(A)(3). 
If the minimum spacing between conductors is not maintained, the ampacity is determined according to 
392.11(A)(1). A similar situation exists for single-conductor cables supported by cable tray. Two different 
methods are used to determine the ampacity of the same conductors. If the minimum spacing is maintained 
between conductors, the ampacity will be higher than if the spacing is not maintained. However, when the 
minimum spacing is maintained, a wider cable tray is frequently required. 

A portion of a circuit run in cable tray is frequently also run in raceway. NEC® 392.11(A) and (B) is a 
reminder that the ampacity of the conductors run in cable tray is to be determined based upon 310.15(A)(2). 
When a set of conductors is subject to two different conditions for the purpose of determining conductor 
ampacity, the most restrictive condition shall be used. This is illustrated in Figure 12.6. For example, a set of 
single copper conductors with 75°C insulation and terminations size 1/0 AWG run in ladder-type cable tray 
with a maintained spacing between the conductors has an allowable ampacity based upon Table 310.17 of 
230 amperes. The portion of the circuit run that is in raceway, based upon Table 310.16, only has an allow- 
able ampacity of 150 amperes. 

Article 427 covers the installation of fixed electric heating equipment for pipelines and vessels. Several 
types of heating are defined in 427.2. One type is a resistance heating element attached to or inserted into a 
pipeline or vessel. An impedance heating system is one where electrical current flows through the wall of the 
pipeline or vessel, and the heat is produced by the impedance of the wall and the current flow. Skin-effect 
heating uses a ferromagnetic envelope attached to a pipeline or vessel, and electrical current flow through 
the envelope produces the heat. The impedance of the envelope and the current flow produce the heat. 


NEC® 392.11(B) IF MORE THAN ONE CONDITION FOR DETERMINING 
CONDUCTOR AMPACITY APPLIES, USE MOST RESTRICTIVE CONDITION 


LADDER TYPE CABLE TRAY 


SINGLE CONDUCTORS 
WITH MAINTAINED SPACING 
AMPACITY, TABLE 310.17 


SINGLE CONDUCTORS 
IN RACEWAY 
AMPACITY, TABLE 310.16 


—_—- 


Ley 


Figure 12.6 When determining the ampacity of a set of conductors run in cable tray, consideration must be 
given to the entire circuit and other conditions that may result in a different ampacity for the same conductors. 
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Induction heating is accomplished by using an external induction coil. Electric current is caused to flow ina 
pipeline or vessel wall by electromagnetic induction similar to a transformer. Induced wall current flow and 
the impedance of the wall produce the heat. 

The minimum permitted ampacity of circuit conductors is required to be 125% of the total load of the 
heaters. This requirement is covered in 427.4, which points out that it is permitted to round up the conduc- 
tor ampacity to the next standard size of overcurrent device as permitted by 240.4(B). The type of discon- 
necting means permitted for the heating is covered in 427.55. 

Special consideration is required for equipment grounding depending on the type of heating involved. 
In the case of resistance heating, the grounding requirements of Article 250 shall apply. Grounding for imped- 
ance heating is covered in 427.29. NEC® 427.48 covers grounding for skin-effect heating. It is pointed out that 
the grounding requirement of 250.30 for a separately derived system does not apply in the case of skin-effect 
heating. 

Article 490 provides basic rules for sizing, selection, and installation of equipment and conductors 
operating at more than 600 volts. The latter portion of the article provides rules for some specific high-volt- 
age applications. Interrupting current at high voltage is much more difficult than interrupting current for 
loads operating at 600 volts or less. Current-interrupting devices are covered in 490.21 and consist of circuit 
breakers, power fuses, expulsion-type cutouts, and oil-filled cutouts. When working with equipment that 
operates at more than 600 volts, safety is of the highest importance and isolation of equipment for inspec- 
tion, maintenance, and repair is essential. Equipment isolation is covered in 490.22. Rules for the construc- 
tion and installation of metal-enclosed power switchboards and industrial control assemblies are in Part III. 
Guarding of live parts and clearances between live parts and between live parts and ground is an important 
consideration for equipment construction, and when performing maintenance procedures near live parts. 
Some heavy industrial equipment is mobile and operates from a high-voltage power source. This creates the 
need for mobile or portable high-voltage distribution equipment, the rules for which are covered in Part IV. 
A unique high-voltage application is the electrode-type boiler where electrodes are placed in a liquid with 
heat generated by the passage of current through the liquid. The rules for applying high-voltage power for 
such an application are found in Part V. 

Article 610 deals with the wiring methods and wiring requirements for cranes, hoists, and monorail 
hoists. M otors powering this equipment may have a duty cycle rating. That is, the motor may only be per- 
mitted to operate for 15 minutes, 30 minutes, or 60 minutes until it is required to cool before being operated 
again. If the motor has a duty cycle, then the conductor to the motor is permitted to carry a higher level of 
current than would be typical for a general circuit or a continuous load. Table 610.14(A) is used to determine 
the minimum wire size for time-rated motors. The article deals with the installation, support, and grounding 
of open and insulated conductors on hoists, cranes, and monorail hoists. All exposed noncurrent- 
carrying metal parts are required to be grounded. 

Article 630 provides the requirements for wiring electrically powered welders. A nameplate or rating 
plate is required to be provided on the welder. Electric welders are of the arc-type and the resistance-type. 
Arc welders are of the ac transformer-type and the motor-generator type. With the arc-type, the metal parts 
to be joined are brought together and an arc is struck between the metal parts and a metal electrode. The 
metal electrode is melted away by the heat of the arc to provide extra metal for joining the parts. The actual 
load on a transformer-type arc welder is intermittent, which is taken into consideration when sizing the cir- 
cuit components. Even during a continuous weld, current flows in pulses. Current flow is on for several 
cycles and off for several cycles. The duty cycle for a welder is determined based upon the number of cycles 
the welder is operating in a one-hour period of time. At the end of 630.31 is a FPN called explanation of 
terms. Duty cycle is explained in the third paragraph of that FPN. 

The rules for determining the size of conductors for an individual arc welder or a feeder supplying a 
group of arc welders are found in Part Il. Overcurrent protection is required for the welder and for the con- 
ductors supplying the welder. One overcurrent device may provide protection for both the conductors and 
the welder, in which case the minimum value is determined according to 630.12. 

Rules for sizing components for a resistance-type electric welder are found in Part III. With a resist- 
ance-type, the metal pieces to be joined are clamped between two electrodes and current flows from one 
electrode to the other through the metal. B ecause the area of contact is small and the current level is high, 
the area is heated to the melting point due to the resistance of the metal. The weld is actually accomplished 
with only afew cycles but at very high current. Voltage drop is an important consideration when sizing con- 
ductors for a resistance welder. The number of cycles the resistance welder delivers depends upon the par- 
ticular weld. Duty cycle for a resistance welder is determined by multiplying the number of cycles required 
for a weld times the number of welds per hour and dividing by 216,000, which is the total number a 
60-hertz cycles per hour. 
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Information on the welder rating plate or nameplate needed for determining conductor size, overcurrent 
rating, and disconnect rating is based on the effective rated primary current, or the rated primary current times 
a multiplying factor obtained from a table in either 630.11 or 630.31. The welder duty cycle is also needed to 
find the multiplier from the table. Duty cycleis permitted to be calculated based upon the weld to be performed, 
and the FPN to 630.31(B) explains how duty cycle can be determined. H ere is how duty cycle and the rated pri- 
mary current on the welder rating plate is used to determine the minimum supply conductor ampacity. 


Example 12.1 One transformer arc welder has a primary current marked on the rating plate as 
40 amperes. The welder is to be operated at a duty cycle of 70%. Determine the minimum current rat- 
ing of the supply conductors for the welder. 


Answer: This is a transformer-type arc welder. Therefore, use the nonmotor generator column of 
Table 630.11(A) to find the multiplying factor, which is 0.84 for a 70% duty cycle. Next multiply the 
factor and the 40-ampere primary current to get the minimum conductor ampacity of 33.6-amperes 
(40A x 0.84 = 33.6A). 


Welders draw some current when running idle (not welding) and a higher current when welding. 
Effective rated primary current (14) combines the conductor heating due to these two levels of current. The 
effective rated primary current (I ,¢¢) may be given on the welder rating plate. The FPN to 630.12(B) gives 
a formula for determining the effective rated primary current. It is based on the rated supply current for the 
welder, the no-load supply current, and the duty cycle. Duty cycle for a welder may be fixed, or it may be 
adjustable. If itis adjustable, then effective primary current can be calculated. B ecause heat in a conductor 
is proportional to the square of the current (Equation 1.16), the rated supply current with load is squared and 
multiplied by the duty cycle. That value is added to the square of the no-load current times the percentage 
of time remaining, which is one minus the duty cycle. The square root of the sum of those two values is taken 
to get the effective primary current. The heating of the supply conductor is considered to be proportional to 
this value. The rated supply current under load and the rated no-load supply current can be measured, but 
proper instrumentation is needed because during welding the current is flowing in pulses not continuously. 

Determining the minimum size of conductor for a welder and the maximum rating of overcurrent protec- 
tion permitted is based upon the maximum rated supply current and the effective rated supply current (rated pri- 
mary current and duty cycle may also be used). The welder is required to be protected from overcurrent at a level 
not exceeding 200% of either the maximum rated supply current or the rated primary current, whichever is given 
on the nameplate. The conductor is not permitted to be protected at a level greater than the ampacity of the sup- 
ply conductor. It is permitted to round up to the next standard rating of overcurrent device if this value does not 
correspond to a standard rating overcurrent device as listed in 240.6. The minimum permitted rating of supply 
conductor is determined from Table 310.16 based upon the nameplate value of the effective rated primary cur- 
rent or the rated primary current and a multiplier found in 630.11(A). The supply conductors are likely to have 
an ampere rating less than the maximum rated supply current. Therefore, the overcurrent device sized to protect 
the conductors will frequently have a rating less than the maximum required to protect the welder. If a single 
overcurrent device is used to protect both the conductors and the welder as shown in Figure 12.7, the minimum 


NEC® 630.12 CONDUCTOR AND WELDER OVERCURRENT PROTECTION 

MAXIMUM RATING IS THE SMALLER OF THE FOLLOWING: 

* 200% OF RATED SUPPLY CURRENT OF WELDER ee OO 
OR 200% OF RATED PRIMARY CURRENT, OR O00 

* 200% OF CONDUCTOR AMPACITY 


_F 
NEC® 630.11(A) SUPPLY CONDUCTOR = 
SIZE IS BASED ON EFFECTIVE SUPPLY CURRENT TRANSFORMER 
OR MULTIPLIER TIMES PRIMARY CURRENT ARC WELDER 


Figure 12.7 One overcurrent device is permitted toprotect both the supply conductor and the arc welder if the 
overcurrent device rating is not more than 200% of theampacity of the conductor or 200% of the maximum rated 
supply current of the welder. 
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Figure 12.8 A method was specified for determining the minimum feeder ampacity for a group of arc welders. 


rating is used unless the device opens under normal operation, in which case the next standard rating is permit- 
ted. If a feeder supplies a group of arc welders, the method for determining the minimum size of feeder con- 
ductor is found in 630.11(B). The following example will show how 630.11(B) can be used to determine the min- 
imum ampacity of the feeder supplying a group of arc welders. There are cases where the duty cycle is fixed and 
a smaller feeder is permitted. 


Example 12.2 Eight transformer arc welders are supplied by one feeder. The welders are 3-phase, 
460 volts, with a primary supply current of 56 amperes marked on the rating plate, and the duty cycle 
is 20%, as shown in Figure 12.8. The conductors are copper with 75°C insulation and terminations. 
Determine the minimum ampacity required for the feeder supplying these welders. 


Answer: First find the supply current rating of the conductors for each welder using 630.11(A). 
M ultiply the rated primary current of the welder by the factor found in Table 630.11(A), which is 0.45. 
This is a transformer-type arc welder. Therefore, use the nonmotor generator column. The individual 
welder currentis 25.2 amperes (56A x 0.45 =25.2 A). Next use 630.11(B) to determine the minimum 
ampacity of the feeder for all eight welders. The first two welders are taken at 100%, the next at 85%, 
the next at 70%, and all remaining at 60% to obtain 149.9 amperes as the minimum feeder ampacity. 

[2 X 25.2A +0.85 x 25.2A +0.70 X 25.2A +0.60 X (4 X 25.2A)] 

[50.4A +21.4A +17.6A +60.5A] =149.9A 


The secondary conductors of a welder are not considered as premises wiring, and the grounding 
requirements for these conductors are not those stated in Article 250. In particular, a welder is not to be con- 
sidered as a separately derived premises system, and 250.30 containing grounding requirements for sepa- 
rately derived systems does not apply. A FPN in 630.15 points out the potential of parallel paths for the 
welder secondary current in cases where the return conductor is grounded to the building grounding system. 
The workpiece terminal of the welder should be connected to the workpiece or to the workpiece table but 
not to the grounding system of the building. The potential for objectionable currents on the building ground- 
ing conductors is illustrated in Figure 12.9. 

Article 665 deals with equipment for induction heating and dielectric heating of materials in industrial 
processes and scientific applications. An electrical conducting material is heated by the induction heating 
process. The material is placed in an electromagnetic field operating at a frequency of a few kilohertz to several 
hundred kilohertz. Electrical current is induced into the material and with the impedance of the material results 
in heating. 

The dielectric process is used when the material to be heated is not an electrical conductor. The mate- 
rial to be heated is placed between two electrical plates to which is applied a varying electric field in the 
range of a few megahertz to over 100 megahertz. The varying electric field vibrates the molecules of the 
material, thus producing heat. The high-frequency electromagnetic field or the electric field may be produced 
by a motor-generator, or it may be produced by some other type of field-producing equipment. 

With the use of electromagnetic and electric fields of an output circuit at frequencies in the kilohertz 
and megahertz range to produce heat, there are specific requirements of the various systems to protect per- 
sonnel from exposure to these fields or from electrical shock. Also, it is important that requirements be fol- 
lowed to prevent unintended heating of components and wiring of the system. Requirements for guarding 
and grounding are covered in Part II. 
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Figure 12.9 A welder is not considered to be a separately derived premises wiring system, and therefore, is not 
required to be grounded as a separately derived system. If it is improperly grounded, objectionable current paths 
can be established, and welder current can flow on equipment grounding conductors throughout the building. 


Article 668 deals with the wiring to electrolytic cells for the production of a particular metal, gas, or chem- 
ical compound. Definitions important for the application of the article are found in 668.2. NEC® 668.1 states that 
this article does not apply to the production of hydrogen, electroplating, or electrical energy. This article provides 
some general wiring requirements for electrolytic cells, but each process is unique and requires engineering design 
for the specific material and process. This article allows for individual process design. A FPN in 668.1 refers to 
the IEEE standard 463-1993 for Electrical Safety Practices in Electrolytic Cell Line Working Zones. Electrolytic 
cell line is defined in 668.2, and the cell line conductors shall meet the provisions of 668.3(C) and 668.12. 

Article 669 deals with the installation of wiring and equipment for electroplating processes. NEC® 
669.9 requires overcurrent protection to be provided for the direct current conductors. Bare conductors are 
permitted to be run to the electroplating cells. NEC® 669.6(B) requires that when bare cell conductors oper- 
ate at more than 50 volts, the conductors shall be guarded against accidental contact. When there is more 
than one power supply to the electroplating tanks, there shall be a means of disconnecting the direct current 
output of the power supply from the conductor to the electroplating tanks, as required by 669.8. 

Article 670 covers the wiring requirements for industrial machinery, the definition of industrial machin- 
ery, and required nameplate information. Industrial machinery is defined in 670.2. NEC® 670.3(A) states the 
nameplate information to be provided on industrial machinery. The full-load current of the machine is required 
to be provided on the nameplate, as well as the full-load current of the largest motor or load. There is a sepa- 
rate NFPA standard for electrical wiring of the actual industrial machinery (NFPA 79). If the industrial machine 
is provided with overcurrent protection, as permitted in 670.3(B) and 670.4(C) at the supply terminals, the sup- 
ply conductor to the machine is permitted to be considered a feeder or tap from a feeder. When overcurrent 
protection is provided at the supply terminals, 670.3(B) requires that a label be placed on the machine stating 
that overcurrent protection is provided at the machine supply terminals, as shown in Figure 12.10. NEC® 
670.4(A) specifies the minimum permitted ampacity of supply conductors to industrial machinery. The supply 
conductor ampacity shall not be less than the sum of 125% of the full-load current of resistance heating loads, 
125% of the full-load current of the largest motor, and the full-load current of all other loads. 

Article 727 provides specifications for the use and installation of instrument tray cable. It is permitted 
to be used in industrial facilities per 727.2. Instrument tray cable is not permitted to be installed with power, 
lighting, and non-power-limited circuits, as stated in 727.5. There is an exception where the Type|lTC Cable 
is permitted with other types of circuits when the Type ITC Cable has an approved outer metal sheath. 
Spacing requirements and other installation specifications are not provided to define what the Code means 
by Type ITC Cable not being installed with power, lighting, and non-power-limited circuits. 

Type ITC Cable is not permitted to be used for circuits operating at more than 150 volts or more than 
5 amperes, as stated in 727.5. The 150 volts is between conductors as well as to ground. The conductor 
material for TypelTC Cable is only permitted to be copper or a thermocouple alloy. A thermocouple is a junc- 
tion of two dissimilar metals that produce a small voltage that changes as the temperature changes. In indus- 
try and research, thermocouples are used to measure the temperature of materials and processes. NEC® 727.7 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


406 Unit 12 


NEC® 670.3(B) LABEL REQUIRED 
WHEN OVERCURRENT PROTECTION 
IS PROVIDED AT THE MACHINE 


NEC? 670.4(B) 
Ae ected CONSIDERED A FEEDER OR TAP 
PROVIDED AT MACHINE <— IF OVERCURRENT PROTECTION 
SUPPLY TERMINALS EE cL ME 
| DISCONNECT WITH 
INDUSTRIAL—> ; 
MACHINE o OVERCURRENT 


PROTECTION 


Figure 12.10 When overcurrent protection is provided at the supply conductor terminals of the industrial 
machine, the supply conductors are permitted to be a feeder or a tap from a feeder. 


requires that the cable be marked as Type ITC on the outer nonmetallic sheath. If the cable has a metal sheath, 
the marking is permitted to be on the nonmetallic sheath beneath the outer metal sheath. 

Instrumentation Tray Cable that does not have a metallic sheath is permitted to extend outside a cable 
tray to connect equipment. The cable is required to be marked Type ITC-ER, which signifies that the cable is 
permitted for exposed routing. This cable is permitted to extend to any distance required to connect to equip- 
ment; however, it must be continuously supported and secured at intervals not to exceed 6 ft (1.8 m). 

Article 770 covers the markings and installation of optical fiber cable. Conductive optical fiber cable 
contains a noncurrent-carrying material, which may be a metallic vapor barrier, or a metal member may be 
present to add mechanical strength. Composite cables contain current-carrying electrical conductors. 
N onconductive optical fiber cable is permitted to occupy the same raceway or cable tray with conductors for 
light, power, and heating circuits. Conductive optical fiber cable is not permitted to occupy the same cable 
tray or raceway with conductors of electric light, power, or Class 1 circuits, as stated in 770.133(A). 

Optical fiber cable run in buildings shall be listed as stated in 770.113. The listing requirements, which 
are essentially the uses permitted of the various types, are summarized in Table 770.179 and described in 
770.154 and 770.179. Conductive optical fiber cable for general-purpose use is marked as Type OFC and 
nonconductive optical fiber cable for general-purpose use is marked as Type OFN. When the letter P is 
included at the end of the type marking, such as Type OF CP, the cable is suitable for installation in air-han- 
dling spaces, as described in 770.154(A). The letter R at the end of the type marking, such as Type OFNR, 
designates that the cable is permitted to be run as cable from one floor to another of a building. Cable Types 
OFC and OFN are permitted to be run from one floor to another of a building if contained in metal conduit 
or in a shaft with fire stops at each floor. In the case of a one or two-family dwelling, as stated in 
770.154(B)(3) Types OFC and OFN are permitted to be installed between floors without metal raceway pro- 
tection. Cable substitutions are permitted, as stated in Table 770.154(E). 


CABLE TRAY WIDTH AND CONDUCTOR AMPACITY 


When cables are supported by cable tray, the allowable ampacity of the conductors depends upon 
whether the installation allows for cooling of the conductors when they are carrying current. If a solid cover 
for a length more than 6 ft (1.8 m) is placed over a ventilated channel or ladder type cable tray, the conductor 
ampacity will be lower than if the top of the cable tray is open. Spacing of the conductors in the cable tray is 
also important. If a minimum width of space between the cable is maintained as described in 392.11(A)(3), 
392.11(B)(3), and 392.11(B)(4), the conductor ampacity will be higher. In all cases where the conductor spac- 
ing is maintained, the minimum width of the cable tray depends upon the diameters of the cables laid out in 
a single layer. In some cases, a single layer of cables is required but space is not required to be provided 
between the cables. In other cases, the cables are permitted to be placed in multiple layers. These rules are 
found in 392.9 for multiconductor cables and in 392.10 for single-conductor cables. The following several 
examples will illustrate the relationship between ampacity of conductor and width of cable tray. 


Example 12.3 A feeder consisting of four single-conductor cables size 500 kcmil copper with Type 
XHHW insulation and 75°C terminations is run in aluminum ladder-type cable tray as shown in 
Figure 12.11. The cables are placed in the cable tray without maintaining a space between the cables. 
Determine the ampacity of the conductors and the minimum permitted width of cable tray. 
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Figure12.11 Four size500 kcmil Type XHHW copper conductors are supported by aluminum ladder-type cable 
tray with no maintained spacing between the conductors. 


Answer: The minimum width of cable tray is determined by the method in 392.10(A)(2) for single 
conductor cables. T he cross-sectional area of the conductors is not permitted to exceed the area given 
in column 1 of Table 392.10 for each width of cable tray. Look up the cross-sectional area of a 
500 kcmil Type X HHW conductor in Table 5, Chapter 9 and find 0.6984 sq. in. (450.6 mm?). The total 
area of the conductors is 2.7936 sq. in. (1802 mm’). According to column 1 of Table 392.10, a cable 
tray with a 6 in. (150 mm) width is permitted to have a single-conductor cable fill of 6.5 sq. in. (4200 
mm?). The minimum width, then, is 6 in. (150 mm). 


4 conductors < 0.6984 in.2 = 2.7936 in.? 
4 conductors x 450.6 mm? = 1802 mm? 


Next, determine the ampacity of the conductors according to 392.11(B)(2). The ampacity is permitted 
to be 0.65 times the ampacity found in Table 310.17, which is 403 amperes. 


0.65 x 620A =403A 


Example12.4 Determine the minimum width of cable tray and ampacity of the conductors when the 
conductors are installed in a single layer with a space between the conductors not less than the 
diameter (d) of the conductors as prescribed by 392.11(B)(3) and shown in Figure 12.12. Four single- 
conductor cables size 500 kcmil copper with Type X HHW insulation and 75°C terminations are run in 
aluminum ladder-type cable tray. 


Answer: NEC® 392.11(B)(3) specifies that this method of determining conductor ampacity requires a 
maintained space between the conductors placed in a single layer. First look up the diameter of the con- 
ductor in Table 5, Chapter 9 and find 0.943 in. (23.95 mm). The minimum width of cable tray is then 
seven times the cable diameter, which is 6.60 in. (168 mm). Choose a 9 in. (225 mm) minimum cable tray 
width. The width of cable trays is listed in the left-hand two columns of Table 392.9 and Table 392.10. 


7 X 0.943 in. = 6.60 in. 
7 X 23.95 mm = 168 mm 


— — 


Figure 12.12 Four size 500 kcmil Type XHHW copper conductors are run in aluminum ladder-type cable tray 
with a space maintained between the conductors equal to the cable diameter. 
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Figure12.13 ThreeTypeTC multiconductor cables, with size 250 kcmil Type XHHW copper insulated conduc- 
tors and a bare equipment grounding conductor, are supported by an aluminum ladder-type cable tray without 
a maintained spacing between the cables. 


NEC® 392.11(B)(3) simply specifies the minimum conductor ampacity can be found in Table 310.17, 
which is 620 amperes. Note the big difference in conductor ampacity between the previous example 
and this example when a space is maintained between the conductors. 


Example 12.5 Three Type TC cables with three size 250 kcmil XHHW copper conductors and an 
equipment grounding conductor are to be supported by aluminum ladder-type cable tray where a space 
is not maintained between the individual cables, as illustrated in Figure 12.13. All conductor termina- 
tions are rated 75°C, and the cable diameter is 1.76 in. (44.7 mm). Determine the minimum width of 
cable tray permitted, and the ampacity of the insulated conductors in the cable. 


Answer: The minimum width of the cable tray is determined according to 392.9(A)(1). The cables are 
required to be in a single layer, but no space is required between the cables. The minimum width of 
cable tray is not permitted to be less than the sum of the diameters of the cables in the cable tray, which 
is 5.28 in. (134 mm). Therefore, a 6 in. (150 mm) cable tray is adequate. 


3 x 1.76 in =5.28 in 
3 X 44.7 mm = 134mm 


Next determine the ampacity of the size 250 kcmil copper conductors in the cables according to 
392.11(A). Note in 392.11(A)(1) that the derating factors do not apply unless there are more than three 
current-carrying conductors in any one cable, and then they apply only to that particular cable. In this 
case, conductor ampacity is determined according to Table 310.16, and it is 255 amperes. 


Example 12.6 For the cable tray installation of Figure 12.14, the three Type TC 3-conductor cables 
are installed with a space maintained between them of one cable diameter. Each cable contains three 
XHHW insulated conductors size 250 kcmil copper and has a diameter of 1.76 in. (44.7 mm). All 


a 
@ @ 
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Figure12.14 ThreeTypeTC multiconductor cables, with size 250 kcmil Type XHHW copper insulated conduc- 
tors and a bare equipment grounding conductor, are supported by an aluminum ladder-type cable tray with a 
space maintained between the cables equal to the diameter of the cable. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Industrial Electrical Applications 409 


ai D - 
\ | ds om a | | 
—— 


Figure 12.15 Three triplexed single conductor cable bundles with size 4/0 AW G Type THWN copper conductors 
are installed in aluminum ladder-type cable tray with no maintained space between the conductors. 


conductor terminations are rated 75°C. Determine the minimum permitted width of aluminum ladder- 
type cable tray and the ampacity of the insulated conductors in the cable. 


Answer: Thereis no rule for determining the minimum width of cable tray. It is simply a matter of 
adding the cable diameters. There are three cables of the same diameter and there are two spaces 
between the cables of the same diameter. The minimum width of cable tray is not permitted to be less 
than 8.8 in. (224 mm); therefore, the minimum standard width is 9 in. (225 mm). 


5 X 1.76 in. =8.8 in. 
5 < 44.7 mm = 224 mm 


The conductor ampacity is determined according to 392.11(A)(3), which specifies the method of 
310.15(C). That section is one that requires engineering supervision, but the ampacity is usually 
determined from Table B.310.3 in Annex B, and in this case is 274 amperes. 


Example 12.7 Three sets of triplexed conductors are installed in an aluminum ladder-type cable tray 
as shown in Figure 12.15. The individual conductors are type THWN, size 4/0 AWG copper, and all ter- 
minations are rated 75°C. NEC® 392.8(E) permits these conductors to be bundled rather than installed 
in a single layer. Determine the minimum width of cable tray permitted and ampacity of the conductors. 


Answer: The minimum width of cable tray is specified in 392.10(A)(4). The width is not permitted to be 
less than the sum of the diameters of all of the conductors in the cable tray. Look up the diameter of a size 
4/0 AWG Type THWN conductor in Table 5, Chapter 9; it is 0.642 in. (16.3 mm). Then multiply by nine 
conductors to get the minimum width of 5.78 in. (147 mm).A 6 in. (150 mm) wide cable tray is permitted. 


9 conductors x 0.642 in. = 5.78 in. 
9 conductors x 16.31 mm =147 mm 


The ampacity of the individual conductors is determined according to 392.11(B)(2). The ampacity 
found in Table 310.17 is multiplied by 0.65 to get 234 amperes. 


0.65 x 360A =234A 


Example 12.8 Three triplexed bundles of Type THWN copper conductors are installed in aluminum 
ladder-type cable tray with a space maintained between each bundle equal to 2.15 times the individual 
cable diameter, as shown in Figure 12.16. All conductor terminations are rated 75°C. Determine the 
minimum permitted width of cable tray and the ampacity of the conductors. 


Answer: The width of the cable tray is simply the physical dimension necessary to accommodate the 
conductors when installed as required by 392.11(B)(4). There are three bundles of cables; therefore, there 
will be two spaces with a minimum dimension of 2.15 times the individual conductor diameter. The bun- 
dles will lay in the cable tray with two conductors touching the cable tray. Therefore, space must be 
allowed for a minimum of six conductors, as shown in Figure 12.16. Look up the diameter of a size 
4/0 AWG Type THWN conductor in Table 5, Chapter 9; it is 0.642 in. (16.31 mm). The calculated min- 
imum width permitted is 6.612 (168 mm), which requires at least a 9 in. wide (225 mm) cable tray. 
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Figure 12.16 Three triplexed single conductor cable bundles with size 4/0 AWG Type THWN copper conductors 
are installed in aluminum ladder-type cable tray with a space not less than 2.15 times the individual cable diameter 
maintained between the cable bundles. 


Width =2x(2.15xD)+6xD 

x (2.15 < 0.642 in.) +6 X< 0.642 in. 

X 1.380 in. + 3.852 in. 

.760 in. + 3.852 in. = 6.612 in. 

x (2.15 < 16.31 mm) +6 X< 16.31 mm 


0mm +98 mm = 168 mm 


2 
2 
=2 
=2 
=2 
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Because a space between the triplexed bundles is maintained for cooling, the ampacity is permitted to 
be looked up in Table 310.20 and, in this case, is 287 amperes. 


When multiconductor cables of different sizes are placed in a cable tray together, the method of deter- 
mining the width of cable tray required depends upon the size of conductors in the cables. There is one sim- 
ple method when all cables contain conductors size 4/0 AW G and larger. NEC® 392.9(A)(1) requires that the 
cables be arranged in a single layer. The width of the cable tray is equal to the sum of the diameters of the 
cables. 

W hen the conductors in the cables are size 3/0 AWG and smaller, a single layer of conductors is not 
required. The cables can be placed in multiple layers as long as they are not stacked on top of any cables in 
the same cable tray that have conductors size 4/0 AWG and larger. Cables with conductor size 3/0 and smaller 
are not permitted to have a cross-sectional area greater than approximately 40% of the cross-sectional area 
of a standard usable depth cable tray, which is approximately 3 in. (75 mm). If a cable tray contains only 
cables with conductors that are size 3/0 and smaller, then the method of determining the cable tray width is 
specified in 392.9(A)(2). The total cross-sectional area of the conductors is not permitted to exceed the value 
given in column 1 of Table 392.9. The values given in column 1 of Table 392.9 are approximately 40% of 
the usable cross-sectional area of a standard cable tray. 


Example 12.9 A ladder-type cable tray contains 10 Type TC multiconductor cables that each have 
three copper conductors size 2/0 AWG. The total cross-sectional area of the cables is 1.35 sq. in. 
(870 mm’). Remember that how the cables are arranged in the cable tray determines the allowable 
ampacity of the cables. In this case assume the cables are installed in multiple layers in the cable tray. 
Determine the minimum width of the cable tray required for these cables. 


Answer: The method of sizing the cable tray is described in 392.9(A)(2). First determine the total 
cross-sectional area of the cables in the cable tray, which is 13.6 sq. in. (8700 mm”). Next select the 
minimum size cable tray from column 1 of Table 392.9 and find 12 in. (300 mm). 


When cables with conductors larger and smaller than size 4/0 AWG are placed in the same cable 
tray, two methods are combined to determine the minimum width of cable tray. The rule is found in 
392.9(A)(3), and utilizes column 2 of Table 392.9. An example is shown in Figure 12.17 which shows 
a cable tray arranged into two sections; one with cables with conductor sizes 4/0 AWG and larger, and 
the other section with cables with conductor sizes 3/0 AWG and smaller. The cables with conductor sizes 
4/0 AWG and larger are required to be arranged in a single layer. The cables with conductor sizes 
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Figure 12.17 After the diameters of the cables with size 4.0 AWG and larger conductors are subtracted from 
the width of the cable tray, the cables with conductors size 3/0 AWG and smaller are permitted to fill only 40% 
of the remaining portion of the cable tray. 


3/0 and smaller are permitted to be in multiple layers. In either case, the cable tray is not permitted to 
have a conductor cross-sectional area that exceeds 40% of the usable cross-sectional area of the cable 
tray. Cable trays have a standard depth of approximately 3 in. (75 mm). Therefore, the total cable cross- 
sectional area is not permitted to exceed 40% of the cable tray width times 3 in. (75 mm). Those 
values are given in column 1 of Table 392.9. The formulas in column 2 of Table 392.9 essentially sub- 
tract the diameters of the single layer of cables from the total width, and then calculates 40% of the 
remaining area of the cable tray. This process is illustrated in Figure 12.17. This is accomplished by 
determining the total width of the cables with conductors size 4/0 and larger (this value is Sd) and multi- 
plying by 1.2, which is actually 1.2 in. assuming the usable depth of a cable tray is 3 in. The value 1.2 in. 
is 40% of 3 in. When worked out in metrics, the usable depth of the cable tray is 75 mm, of which 30 mm 
is 40%. The metric formulas in column 2 of Table 392.9 multiplies Sd by 30, while the in.-pound formu- 
lamultiplies Sd by 1.2. The result of the calculation using the formula in column 2 of Table 392.9 is com- 
pared with the actual cross-sectional area of the cables with conductors size 3/0 AWG and smaller. If the 
value from the calculation is larger than the cross-sectional area of the conductors, then the cable tray is 
wide enough for the application. 


Example 12.10 A cable tray contains two Type TC cables with three size 350 kcmil conductors with 
a cable diameter of 1.98 in. (50.3 mm), and six Type TC cables with three size 2/0 AWG conductors 
with a cable cross-sectional area of 1.35 sq. in. (870 mm’) as shown in Figure 12.18. Determine the 
minimum permitted width of ventilated-trough cable tray for this installation. 


DETERMINE WIDTH > 


—— SIZE 4/0 AWG 


AND LARGER SIZE 3/0 AWG AND SMALLER 


=— ——— 


CABLE TRAY 


. i 
SINGLE LAYER 


Figure 12.18 The cable tray contains two Type TC cables with size 350 kcmil conductors and size Type TC 
cables with size 2/0 AWG conductors. 
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Answer: The method is described in 392.9(A)(3). The cross-sectional area and diameter of multicon- 
ductor cables are not given in the Code. The best source for this information is to contact the cable man- 
ufacturer. Some manufacturers provide cable technical data on their web sites. The symbol Sd in column 
2 of the Table 392.9 is the sum of the diameters of all cables with conductors size 4/0 AWG and larger, 
which is multiplied by 1.2 to convert to sq. in. (multiply by 30 to convert to square millimeters). In this 
example, there are two cables, so multiply the diameter by two to get 3.96 in. (100 mm). 


Sd = (sum of cable diameters with conductors size 4/0 AWG and larger) 
Sd =2 X 1.98 in. =3.96 in. 
Sd =2 X 50.3 mm =100.6 mm 


Next determine the cross-sectional area of all conductors size 3/0 AWG and smaller. There are six that 
are size 2/0 AWG, so multiply their area, which is 1.36 sq. in. (870 mmz?), by six to get the total cross- 
sectional area of the conductors which is 8.10 sq. in. (5225 mm?). 


6 cables x 1.35 in.? =8.10 in 
6 cables x 870 mm? = 5225 mm? 


The method is described in the text is a trial and error method. Choose one of the standard cable tray 
widths believed to be wide enough and do the calculation. Start with a 12 in. (300 mm) width for this 
example. The formula is in column 2 of Table 392.9. 


14 - (1.2 < Sd) =cross-sectional area of cables with conductors size 3/0 and smaller 


The result from this calculation must not be smaller than the cross-sectional area of the cables with 
conductors size 3/0 AWG and smaller as determined earlier. 


14 in2- (1.2 <X 3.96 in.) =14 in2- 4.75 in2 = 9.25 in 
9000 mm? - (30 x 100 mm) = 9000 mm? - 3000 mm? = 6000 mm? 


The cables with conductor size 3/0 AWG are only 8.10 in.? (5225 mm”); therefore, the 12 in. (300 mm) 
wide cable tray is adequate for the application. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC* that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only, and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide392 CableTrays 


392.8(A ): The previous edition of the Code did not permit splices in conductors made in cable tray to proj- 
ect above the side rails of the cable tray. Now splices are permitted to project above the side rails where 
they are not subject to physical damage. 

392.9(A )(1): When multi-conductor cable ampere rating is determined from Table B310.3 and a free air space 
is provided between each cable with a width not less than the cable diameter, the minimum width of the 
cable tray could be determined by logic, but the rule was not actually stated. Now the rule is stated that 
the minimum width of the cable tray is to be not less than the sum of the cable diameters plus the sum 
of the required spaces between the cables. An example is shown in Figure 12.14. 

392.11(C): This is a new section that provides a rule for determining the minimum size of a cable tray that 
contains a combination of single-conductor cables and multi-conductor cables. The previous edition of 
the Code did not provide a method of making this determination. An example of this type of installa- 
tion is shown in Figure 12.19. 


Artide 427 Fixed Electric Heating Equipment for Pipelines and Vessels 


427.13: Caution signs are required on pipelines and vessels that are equipped with electric heating. The 
change is that the posting of the warning sign is now required at intervals of not more than 20 ft (6 m) 
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392.11(C) SINGLE CONDUCTOR CABLES DETERMINE MINIMUM CABLE TRAY 
AND MULTI-CONDUCTOR CABLES WIDTH FOR EACH SECTION 
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CABLE TRAY 


AMPERE RATING WAS DETERMINED 
FOR THESE CABLES WITH 
MAINTAINED SPACING BETWEEN CABLES 


Figure12.19 Thereis anew method for determining the minimum width of cable tray where the cable tray con- 
tains both single-conductor cables and multi-conductor cables. 


and adjacent to equipment in the piping system that requires periodic servicing. In the past, there was 
no warning sign spacing interval required. 


Artide490 Equipment, Over 600 Volts, Nominal 


490.44(C): There is a new provision for locking a fused interrupt switch in the open position. The locking 
provision shall be of a type that remains in place when the lock is not present. Portable locking devices 
are no longer permitted. 

490.46: This is a new section that requires all high-voltage circuit breakers, even the drawout type, to be 
capable of being locked in the open position, and the locking means shall be of a type that remains in 
place when the lock is removed. 


Artide610 Cranes and Hoists 


610.31(2): The switch or circuit breaker that serves as the disconnecting means for the runway conductors 
is now required to be of a type that is a fixed part of the switch or circuit breaker and remains in place 
when the lock is removed. Portable means of locking the runway conductor disconnect in the open 
position is no longer permitted. 

610.32: The switch or circuit breaker that serves as the disconnecting means for cranes and monorail hoists 
is now required to be of a type that is a fixed part of the switch or circuit breaker and remains in place 
when the lock is removed. Portable means of locking the crane or monorail hoist power disconnect in 
the open position is no longer permitted. 


Artide665_ Induction and Dielectric H eating E quipment 


665.12: The disconnecting means required for heating equipment must now be of a type where the locking 
means remains in place with the lock removed. Portable means of locking the disconnect in the open 
position is not permitted. 

665.22: Panels and doors that allow access to energized parts of heating equipment with terminals of 
150 volts shall be capable of being locked. Now the locking means shall be of a type that remains with 
the panel or door even with the lock removed. It is not stated whether the voltages are to ground or 
between conductors. It must be assumed that if there is some combination of terminals or terminal to 
ground of 150 volts or more, this rule applies. 


Artide 727 Instrumentation Tray Cable, Type ITC 


727.4(5): Cable without a metallic sheath or armor is not permitted to be installed exposed unless it is 
marked ITC-ER. The suffix -ER signifies that the cable is suitable for exposed routing, which means 
it can be installed outside a cable tray in accordance with the protection requirements of this paragraph. 
The cable is continuously supported and protected from physical damage. The cable is supported at 
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intervals not exceeding 6 ft (1.8 m). The limitation of distance it could be installed from the cable tray 
was deleted. Now it is permitted to be installed any reasonable length to connect from the cable tray 
to supplied equipment provided the support requirements are satisfied. 


Artide770 Optical Fiber C ables and Raceways 


770.2: The definition of exposed to accidental contact was changed. This definition only applies to conduc- 
tive optical fiber cable that has normally non-current-carrying metallic strength members, metallic 
vapor barrier, or metallic outer sheath or armor. Accidental contact means these metal components 
make contact with circuit conductors due to failure of support or insulation. 

770.2: Optical fiber cable is defined as an assembly of one or more optical fibers with an overall covering. 

770.2: Cable sheath is a new definition, and it consists of one or more jackets and may include one or more 
metallic components for strength. 

770.3(A ): Composite cables consisting of optical fibers and current-carrying conductors are to be listed and 
marked according to the appropriate type of cable described in Chapter 3 of the Code. 

770.24: Cable ties are now specifically mentioned as a means of supporting optical fiber cables to the structure. 

770.25: When an optical fiber cable is not in use and is not terminated at equipment if it is not to be consid- 
ered to be abandoned, the required marking tag now must have the durability required to withstand the 
environment in which it is place. 

770.26: This section is not new material, but is a repeat of 300.21. The prevention of spread of fire and spread 
of products of combustion is of such importance that rather than making a reference to 300.21, the 
actual text of 300.21 is placed in this section. This is not a change from the previous edition of the 
Code. 

770.93(B): This is a new paragraph dealing with the grounding of optical fiber cables with metal members 
that do not enter the building, but are terminated on the outside of a building. This situation was not 
covered in the previous edition of the Code. Where the cable is exposed to contact with light and power 
wiring, the metal members are either required to be grounded or isolated near the point of termination. 

770.100: This is a new section that provides specific requirements for the termination of non-current-carrying 
metal members in fiber optic cables at the point of entry to a building or structure. A grounding conduc- 
tor should be run from the termination point preferably to the intersystem grounding point located on the 
outside of a building by the electrician installing the wiring in the building. That grounding conductor is 
to be insulated copper or other corrosion-resistant metal not smaller than size 14 AWG, run inas straight 
a line as practical, and protected from physical damage. Such a grounding installation is shown in 
Figure 12.20. If an intersystem grounding terminal is not available, directions are provided to describe 
acceptable means of creating an intersystem grounding connection. In the case where creating an 
intersystem grounding connection is not practical, directions are provided for establishing a grounding 


770.100 GROUNDING 
WIRE MINIMUM 

SIZE 14 AWG 
COPPER, INSULATED 
PROTECTED 


OPTICAL FIBER 
CABLE TERMINATION 


INTERSYSTEM OPTICAL 
GROUNDING FIBER CABLE 
TERMINALS IN RACEWAY 


Figure 12.20 When an optical fiber cable enters a building, any conductive elements in the cable are required to 
be connected to a grounding electrode, preferably at the intersystem grounding terminals, if present. 
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electrode for the optical fiber entrance cable. If a separate grounding electrode is established for the opti- 
cal fiber cable entry, it is required to be bonded to the electrical system grounding electrode with a size 
6 AWG copper conductor. 

770.101: This section is not new, but was 770.133(C) in the previous edition of the Code. It requires metal 
members of optical fiber cable to be grounded. The previous edition of the Code did not provide direc- 
tions as to how this was to be accomplished other than a general reference to Article 250. Now it is 
made clear that the grounding of metal members of all cables is to be to the grounding point described 
in 770.100. 

770.106: This section provides directions for grounding the optical fiber entrance cable metal members for 
a mobile home. If the mobile home wiring is installed according to Article 550, then this is easy since 
the mobile home service is adjacent to the mobile home and within 30 ft (9 m) of the mobile home. 
Basically, this section describes how to ground the optical fiber cable entering a mobile home when 
the service does not meet the requirements of Article 550. 

770.133(A ) Ex 5: Non-conductive optical fiber cable is not permitted to be terminated in the same box, cab- 
inet, or enclosure with electric light and power wires, and conductive optical fiber cable is not permit- 
ted to be run in the same cable tray with electric light and power wires. A new Exception 5 was added 
that permits these installations, provided the electric light and power wires and optical fiber cables are 
separated by permanent barrier or listed divider. 

770.133(C): Optical fiber cables are not permitted to be attached to the outside of raceways as a means of 
support. The exception is to support an overhead span of optical fiber cable to a riser used for the 
entrance of the cable into a building or structure. This rule is illustrated in Figure 12.21. 

770.154(F): Optical fiber cables installed such that they enter a classified hazardous location are subject to 
the same sealing requirements as light and power circuit conductors. Care must be taken to make sure 
flammable vapor does not leak past a sealing fitting through the interior of the cable assembly. The sub- 
ject of sealing optical fiber cable in the previous edition of the Code was not covered. 


770.133(C) 
NOT PERMITTED 330.133(C) EX 
PERMITTED 
ELECTRICAL POWER OR ‘ oy 
LIGHT CIRCUIT RACEWAY 


OPTICAL FIBER CABLE 


Figure 12.21 Optical fiber cables are not permitted to be attached to raceways for support, except where aerial 
cable is supported to a mast riser for entry into a building or structure. 
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WORKSHEET NO. 12— BEGINNING 
INDUSTRIAL ELECTRICAL APPLICATIONS 


Mark the single answer that most accurately completes the statement based upon the 
2008 Code. Also provide, where indicated, the Code reference that gives the answer or 
indicates where the answer is found, as well as the Code reference where the answer is 
found. 


1. A machine in a factory is supplied power from an overhead busway by a bus drop 
cable. A tension take-up device connected to the structure of the building supports the 
bus drop cable as shown in Figure 12.22. The distance from the busway plug-in device 
to the tension take-up device where no intermediate supports are provided is not per- 
mitted to exceed: 

A. 6ft(18m). C. 12 ft (3.7m). E. 25 ft(7.5m). 
B. 10 ft (3m). D. 15 ft(4.5 m). 


Codereference 
2. A cablebus is used as the service-entrance conductor from a transformer located out- 
side a building with the cablebus running from the transformer to the service equip- 
ment inside the building, as shown in Figure 12.23. The cable bus is not specifically 
designed for extra-long spans. The maximum distance permitted between supports is: 
A. 5 ft(1.5m). C. 8ft(2.5 m). E. 12 ft (3.7m). 
B. 6ft(1.8 m). D. 10 ft(3 m). 


Code reference 


3. When single-conductor cables size 4/0 and smaller are installed in ladder-type cable 
tray, the rung spacing is not permitted to be greater than: 
A. 6in. (150 mm). D. 16 in. (400 mm). 
B. 9 in. (225 mm). E. 18 in. (450 mm). 
C. 12 in. (300 mm). 


Code reference 


PLUG-IN | | | 


“t/t 
A | . 


BUSWAY 


MAXIMUM 
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<«— BUS DROP CABLE 


Figure 12.22 Determine the maximum length of bus drop cable permitted between the take-up support and the 
plug-in switch. 
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Figure 12.23 Determine the maximum distance between supports of an outside installation of cablebus that is 
not specifically designed for a longer support distance. 


4, Conductors are permitted to be run through the open provided they are not exposed 
to physical damage. The conductors are permitted to pass from one cable tray sec- 
tion to another, from the cable tray to equipment, or from the cable tray to a raceway 
as shown in Figure 12.24. The maximum distance permitted for open spans of con- 
ductors from cable trays is: 

A. 18 in. (450 mm). C. 41/2 ft (1.4 m). E. 8 ft (2.5 m). 
B. 3ft(900 mm). D. 6 ft(1.8 m). 


Codereference 
5. The cable tray shown in Figure 12.24 is aluminum ladder-type and contains three 
feeder circuits rated 200, 400, and 800 amperes. Two sections of the cable tray do 
not join and a copper conductor is used to bond the two sections of cable tray. The 
minimum size bonding jumper permitted for the installation is: 
A. 4AWG. C. 1/0AWG. E. 4/0AWG. 
B. 2AWG. D. 3/0AWG. 


Code reference 
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Figure 12.24 Cable tray installation in an industrial building where two sections of cable tray do not join and 
conductors are in the open between the cable tray and equipment or conduits. 
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CABLE TRAY 


Figure 12.25 A cable tray in an industrial building that contains single-conductor cables arranged in a single 
layer with an air space between the cables with a width equal to the diameter of the largest adjacent cable. The 
cables are tied to the cable tray so they will not move after installation. 


6. Ventilated-trough cable tray contains only single copper conductor cables installed in 
a single layer with an air space maintained between the cables not less than the width 
of the largest adjacent cable, as shown in Figure 12.25. There are three 1000-kcmil 
conductors, four 500-kcmil conductors, and four size 3/0 AWG conductors all with 
THWN insulation. The cables are arranged in this manner to achieve maximum 
ampacity from the conductors. The cables are tied down to the cable tray so they will 
not move. The minimum width of cable tray required for this installation is: 

A. 9in. (225 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18 in. (450 mm). 


Codereference. 
7. The size 500 kcmil, Type THWN conductors run in the cable tray of Figure 12.25 
have a maintained spacing of one cable diameter between the cables for the entire 
circuit run in ventilated-trough cable tray with no cover. The allowable ampacity of 
the conductors is: 
A. 380 amperes. C. 500 amperes. E. 620 amperes. 
B. 403 amperes. D. 560 amperes. 


Codereference 

8. The nonheating lead wires provided with an electric resistance type pipeline heating 

cable are longer than required to make the connections to the wiring system. The 

non-heating leads are: 

A. required to be kept at the original length. 

B. permitted to be shortened to the desired length provided the lead markings are 
not removed. 
required to be shortened only to the length needed to make the connections. 
permitted to be shortened to not less than 24 in. (600 mm). 
permitted to be shortened but required to be 4 ft (1.2 m) in length to prevent con- 
duction of heat to the terminal box. 


moo 


Codereference 

9. If acable tray is to be used as an equipment grounding conductor for the circuit and 

feeder conductors that it supports, the cable tray shall be: 

A. constructed of aluminum. 

B. of the solid bottom or ventilated type. 

C. marked to show the cross-sectional area of the cable tray or side rails, which is 

sufficient for the circuit rating. 
D. mounted not less than 12 ft (3.7 m) above the floor 
E. installed in lengths not to exceed 100 ft (30 m). 


Code reference 
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10. A resistance welder makes repetitive spot welds and has a duty cycle of 4%. The 
actual primary supply current during the weld is 620 amperes at 460 volts. If the sup- 
ply conductors for the welder are copper, Type THWN with 75°C terminations, the 
minimum permitted size conductor is: 

A. 3AWG. C. 1AWG. E. 2/0AWG. 
B. 2AWG. D. 1/0AWG. 


Codereference 

11. Anindustrial machine is to be installed where only qualified persons will service the 

equipment. An area of the machine contains control wiring, operating at under 150 

volts, that may require servicing while energized. The minimum clearance in front 

of the access to the live parts is required to be not less than: 

A. 21/2 ft (750 mm). D. 4 ft (1.2 m). 

B. 3ft(900 mm). E. 41/2 ft (1.4 m). 

C. 31/2 ft(1m). 


Codereference 
12. The secondary output conductors of an industrial arc welder consist of an electrode 
conductor and a workpiece conductor. The workpiece conductor: 
A. shall be grounded to the metal frame of the building in the area of the welder. 
B. shall be grounded to the equipment grounding conductor of the supply to the 
welder. 
C. isnot required to be grounded to any premises electrical system grounding con- 
ductor or grounding electrode. 
D. is required to be connected to a ground rod in the area of the welder. 
is considered to be a separately derived system and is to be grounded 
accordingly. 


Mm 


Codereference. 

13. In an existing building, optical fiber cable is to be installed where the most conven- 
ient way of running the necessary cables is across the upper side of a permanent sus- 
pended ceiling in a hallway. There is one communications cable and no other cables 
run across the same ceiling. The maximum number of optical fiber cables permitted 
to be installed by running them across the suspended ceiling from one end of the 
hallway to the other is: 

one. 

two. 

three. 

zero because this practice is not permitted. 

as many as desired. 


mOOD> 


Codereference 

14. A new optical fiber cable is installed in a building to replace an existing cable that 
will be abandoned. The abandoned cable: 

shall be removed where accessible. 
shall be removed only in places where it is visible. 
is permitted to be left in place provided it does not limit access to equipment. 
shall be completely removed from the building. 
is permitted to remain in place provided the ends are properly sealed. 


mOOD> 


Code reference 
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15. For new construction, optical fiber cables are required to be secured to the structure 
of the building. 
A. within 12 in. (300 m) of terminations and at intervals not exceeding 41/2 ft 
(1.4 m). 
within 12 in. (300 m) of terminations and at intervals not exceeding 5 ft (1.5 m). 
at intervals not exceeding 10 ft (3 m). 
only in areas that will not be accessible. 
with straps, staples, cable ties, hangers, or similar fittings designed and installed 
so as not to damage the cable. 


m™0OW 


Code reference 
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WORKSHEET NO. 122—ADVANCED 
INDUSTRIAL ELECTRICAL APPLICATIONS 


Mark the single answer that most accurately completes the statement based upon the 
2008 Code. Also provide, where indicated, the Code reference that gives the answer or 
indicates where the answer is found, as well as the Code reference where the answer is 
found. 


1. A set of integrated gas spacer cables, trade size 4500 kcmil are run underground for 
the service entrance of an industrial building. Assuming that the cable is installed such 
that derating of the ampacity is not required, the allowable ampacity of the Type IGS 


Cable is: 
A. 505 amperes. D. 600 amperes. 
B. 519 amperes. E. not specified in the Code. 


C. 550 amperes. 


Codereference 
2. An 800-ampere busway suspended from the ceiling of an industrial area is to be 
extended to serve an additional load. A 400-ampere busway is adequate to supply the 
load and the 400-ampere section is added to the 800-ampere busway without over- 
current protection provided for the 400-ampere section of busway as shown in 
Figure 12.26. This practice is permitted provided the busway of reduced ampacity 
does not extend beyond the point of ampacity reduction more than: 
A. 25 ft (7.5m). C. 75 ft (22.5 m). E. 200 ft (60 m). 
B. 50 ft (15m). D. 100 ft (30m). 


Codereference. 

3. A cablebus system protected by a 1200-ampere circuit breaker is used as feeder con- 
ductors from a disconnect at a transformer to the main distribution panelboard. The 
cablebus will contain one set of 3-phase, 480/277-volt conductors, as shown in 
Figure 12.27. The calculated demand load on the conductors is 960 amperes. The 
minimum size Type THWN copper conductors permitted to be installed for this 


cablebus is: 
A. 1000 kcmil. C. 1500 kcmil. E. 2000 kcmil. 
B. 1250 kcmil. D. 1750 kcmil. 


Code reference 


ait 
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Figure 12.26 A 400-ampere rated busway is added to an 800-ampere busway to supply a load within the rating 
of the 400-ampere busway. 
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Figure 12.27 A 1200-ampere cablebus is used as a feeder from a transformer to a distribution panelboard. 


4, Thesmallest size ungrounded or grounded single-circuit conductors permitted to be 
installed in ladder-type cable tray is: 


A. not specified as long as rung spacing does not exceed 6 in. (150 mm). 
B. 6AWG. 

B. 4AWG. 

C. 2AWG. 

D. 1/0AWG. 


Codereference. 

5. A feeder is run with three size 500 kcmil copper conductors in raceway for a portion 

of the circuit and in aluminum ladder-type cable tray for a portion of the circuit. The 

conductors have 75°C insulation and terminations and are arranged in a single layer 

but a space is not provided between the conductors. The maximum allowable ampac- 

ity of the conductors is: 

A. 380 amperes. C. 540 amperes. E. 650 amperes. 

B. 403 amperes. D. 620 amperes. 


Codereference 

6. Single-conductor cables are permitted to be run in ladder, ventilated trough, solid 

bottom, or ventilated channel cable tray: 

A. inany type of building. 

B. only in commercial buildings. 

C. only in industrial buildings. 

D. in commercial buildings where there is a permanent maintenance staff to main- 
tain the wiring system. 
only in approved industrial buildings with an engineer available to supervise 
maintenance. 


m 


Codereference 

7. TypeTC multiconductor cables with three copper Type X HHW insulated power con- 

ductors are run in uncovered ladder-type cable tray in a single layer with no main- 

tained spacing between the conductors, as shown in Figure 12.28. There are two 

other cables— one cable with copper size 3/0 AWG conductors. All conductor ter- 

minations are 75°C rated. The minimum size copper conductor in the other cable 

required for a 225-ampere feeder is: 

A. 2/0AWG. C. 4/0AWG. E. 300 kcmil. 

B. 3/0AWG. D. 250 kcmil. 


Codereference 
8. Thecable tray in Figure 12.28 is aluminum ladder-type and itis installed in an indus- 
trial building where only qualified maintenance staff will service the wiring. The 
highest rated circuit in the cable tray is 400 amperes. The cable tray is permitted to 
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AWG NO. 3/0 CABLE 


aN 


CABLE TRAY 


Figure 12.28 A cable tray contains several multiple conductor cables arranged in a single layer but without a 
maintained air space between the cables. One of the cables is to be sized as a 225-ampere feeder circuit. 


serve as the equipment grounding conductor for the circuits if it is listed as suitable 
for equipment grounding and it has a total cross-sectional area of the side rails of not 


less than: 
A. 0.40 in.? (258 mm’). D. 1.00 in.? (645 mm’). 
B. 0.60 in.? (387 mm’). E. 1.50 in.? (967 mm’). 


C. 0.70 in.? (451 mm’). 
Code reference 


9. A ladder-type cable tray supports TC multiconductor power cables with Type X HHW 
copper conductors. There are two 3-conductor cables size 500 kcmil with a diameter of 
2.26 in. (57.4 mm), three 4-conductor cables size 250 kcmil with a diameter of 1.93 in. 
(49.0 mm), and five 4-conductor cables size 3/0 AWG with a diameter of 1.58 in. 
(40.1 mm) and a cross-sectional area of 1.96 sq. in. (1264 mm”). An air space between 
the conductors, as shown in Figure 12.29, is not maintained. The minimum width of 
cable tray permitted for the installation is: 

A. 9in. (225 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18 in. (450 mm). 


Code reference 


D = 2.26 IN. D = 1.93 IN. A = 1.96 IN.? 
AWG NO. 3/0 
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500-KCMIL CABLE 250-KCMIL CABLE 


CABLE TRAY 
“ MINIMUM WIDTH > 


Figure 12.29 A cable tray contains only Type TC multiconductor cables, several of which are larger than size 
4/0 AWG and several of which are size 3/0 AWG. Determine the minimum width permitted for the cable tray. 
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Figure 12.30 Six transformer type arc welders in an industrial plant are supplied by a common feeder, and the 
welders have a primary supply current of 46 amperes and a duty cycle of 30%. 


10. A 460-volt, 3-phase transformer arc welder with a duty cycle of 50% has a primary 
current listed on the rating plate as 40 amperes. The conductors supplying the welder 
are size 8 AWG copper with THWN insulation and conductor terminations are rated 
75°C.A single overcurrent device protects both the welder and the circuit. The max- 
imum rating permitted for the overcurrent device for this welder circuit is: 

A. 50 amperes. C. 70 amperes. E. 100 amperes. 
B. 60 amperes. D. 80 amperes. 


Codereference. 

11. Six transformer arc welders are supplied by one feeder. The welders are 3-phase, 

460-volt, with a primary supply current of 46 amperes marked on the rating plate, 

and the duty cycle is 30% as shown in Figure 12.30. The minimum recommended 

size of THWN copper feeder conductors to supply these welders, if all terminations 

are rated 75°C and no other load pattern information is available, is: 

A. 1AWG. C. 3AWG. E. 2/0AWG. 

B. 2AWG. D. 1/0AWG. 


Codereference 
12. The branch-circuit conductors for an electroplating installation supply a load of 320 
amperes and the conductors are solid copper busbars with a rectangular cross-section. 
The minimum busbar cross-sectional area permitted for this electroplating load is: 
A. 0.25 in. (161 mm’). D. 0.36 in.? (232 mm’). 
B. 0.30 in.? (194 mm?). E. 0.40 in.? (258 mm’). 
C. 0.32 in.? (206 mm”). 


Codereference 
13. Type |lTC-ER Cable, without a metallic sheath, that is installed exposed but continu- 
ously supported with strut and protected from physical damage is also required to be 
secured at intervals not to exceed: 


A. 3ft(900 mm). D. 10 ft (3 m). 
B. 41/2 ft (1.4 m). E. 12 ft (3.7 m). 
C. 6 ft(1.8 m). 


Code reference 
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14. An industrial machine has a full-load current rating of 42 amperes, 
3-phase, 480 volts, and the largest motor of the machine is 15 horsepower with a 
full-load current of 21 amperes. One additional motor has a full-load current rating 
of 11 amperes. The remainder of the load is 10 amperes of resistance heating. 
Copper wire in conduit with overcurrent protection at the supply end of the conduc- 
tor is properly sized for the machine. All conductor terminations are 75°C rated. The 
minimum size of Type THWN supply conductors permitted for the industrial 


machine is: 
A. 10AWG. C. 6AWG. E. 3AWG. 
B. 8AWG. D. 4AWG. 


Codereference. 
15. When installing optical fiber cables in raceway with no electrical conductors in the 
raceway: 
A. only one cable is permitted for each raceway. 
B. the cross-sectional area of the cables is not permitted to exceed 20% of the area 
of the raceway. 
C. the cross-sectional area of the cables is not permitted to exceed 40% of the area 
of the raceway. 
D. amaximum of three cables are permitted in a raceway. 
the fill requirements that apply to electrical conductors do not apply to optical 
fiber cables. 


m 


Code reference 
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UNIT 13 


Commercial Wiring 
Applications 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* state the requirements when multioutlet assembly passes through a partition. 


* give a general description of underfloor raceway, cellular metal floor raceway, and cel- 
lular concrete floor raceway. 


¢ explain the purpose of an insert for a floor raceway. 


* explain what shall be done with wires remaining in use when a receptacle outlet is 
removed for cellular metal or concrete floor raceway. 


* explain how wires are to be connected to outlet devices for underfloor raceway 
installations. 


* describe a Flat Cable Assembly. 

¢ state the maximum branch-circuit rating for a circuit of Flat Cable A ssembly. 

* explain a method used to connect building section wiring when assembling a manufac- 
tured building where the connection will be concealed. 

* describe the wiring materials from which a manufactured wiring system is constructed. 

* explain the requirements for conductor insulation when used for elevators, dumbwait- 
ers, escalators, and moving walks. 

* explain the minimum wire size and the number of circuits required for elevator car 
lighting. 

* answer wiring installation questions from 322, 372, 374, 380, 384, 390, 518, 545, 600, 
604, 605, 620, 645, and 647. 


* state at least three changes that occurred from the 2005 to the 2008 Code for Articles 
518, 600, 604, 620, 645, and 647. 


CODE DISCUSSION 


The Code articles studied in this unit deal with installations most frequently encountered in commer- 
cial areas and buildings. These applications are not necessarily limited to commercial areas and buildings. 
Obviously, other articles of the Code also apply to commercial areas and buildings. 

Article 322 covers the use and installation requirements for Type FC, Flat Cable A ssembly installed in 
surface metal raceway identified for use with Type FC Cable. Figure 13.1 shows Type FC Cable installed in 
channel to supply lighting fixtures. This type of cable is permitted only for branch-circuits rated at not more 
than 30 amperes. 

Article 372 deals with the use of the hollow cells of cellular concrete floor slabs as electrical raceways. 
Once the cellular concrete slabs are in place, a header is installed to provide access to the desired cells. A 
separate header and cells are used when communications wires are to be run in the floor. Splices and taps are 
only permitted to be made in header access units and floor junction boxes. When an outlet is abandoned, the 
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Figure 13.1 Cross-sectional view of Type FC Cable in channel-type surface metal raceway. 


wire supplying the outlet shall be removed. Reinsulation of the wire is not permitted. If the wire is needed 
to supply other outlets, it will have to be removed and replaced with a new wire. 

The raceway in cellular concrete floor slabs is not metal; therefore, an equipment grounding conduc- 
tor is required to be run from insert receptacles to the header and connected to an equipment grounding con- 
ductor. This requirement is found in 372.9. Figure 13.2 is a cross-sectional view of a cellular concrete floor 
slab and a header making access to two of the cells. 

Article 374 covers the use of the cells of cellular metal floor as electrical raceways. Cellular metal 
floor decking is sometimes used as the structural floor support between main support beams. Concrete 
is then poured on this decking to form the finished floor. The Code permits these metal floor cells to be 
used as electrical raceways. A header is installed before the concrete is poured to provide access to the 
desired cells. Figure 13.3 is a cross-sectional view of a cellular floor used as an electrical raceway with 
the header shown connected to two of the cells. The header may connect directly to the supply panel- 
board, or this connection may be made with a suitable raceway. Splices and taps in wires are only per- 
mitted to be made in a header or in a floor-mounted junction box. Wiring requirements for cellular metal 
floor raceway are similar to those for underfloor raceway. An important requirement of this type of instal - 
lation is that when an outlet is abandoned, the wire supplying the outlet shall be removed. Reinsulation 
of the wire is not permitted. If the wire is needed to supply other outlets, it will have to be removed and 
replaced with a new wire. 

Article 380 covers the installation of multioutlet assemblies, which are raceway assemblies containing 
wiring and outlets. M ultioutlet assembly is available factory-assembled, or it may be assembled on location. 
This wiring method is permitted only in dry locations. NEC® 380.2 provides a list of uses permitted and not 
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Figure 13.2 Cross-sectional view of header connecting to two cells of a cellular concrete floor slab. 
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Figure 13.3 Cross-sectional view of cellular metal floor used as an electrical raceway. 


permitted. M etal multioutlet assembly is permitted to pass through a dry partition provided no outlet is within 
the partition and caps or coverings on all exposed portions of the assembly can be removed. 

Article 384 provides installation rules for strut-type channel raceway. This is a common support sys- 
tem material used both as a support system, and if listed as such, as a raceway for conductors. It is ideal for 
the support of luminaires (lighting fixtures) and acting as the raceway for the lighting circuit conductors. It 
is also permitted to be fastened to the floor and installed vertically as a power pole. Receptacle units are avail- 
able that attach to the strut channel, and there are receptacles that are made to fit into the channel opening to 
allow the finished installation to have flush mounted receptacles. NEC ® 384.30(A) requires that the strut-type 
channel be mounted to a surface or suspended from a structural member using straps and hangers that are 
external from the channel. Fixture support hangers are also available that are external to the channel. A strut- 
type channel showing the internal conductors and support hanger is shown in Figure 13.4. NEC® 384.21 
leaves the maximum permitted wire size up to the individual strut-channel listing. Generally, the maximum 
wire size for the larger area strut channels is 6 AWG. 

The strut channel, when used as a raceway, can have the individual sections connected with joiners that 
are internal or external. T his determines the percentage conductor fill. If the joiners are external, the maximum 
fill is 40% of the strut channel inside cross-sectional area. If the joiners are internal, the maximum fill is 25% 
of the inside cross-sectional area. Table 384.22 gives values for the internal cross-sectional area for the com- 
mon strut-channel trade sizes. T hese are trade sizes given with in. dimensions and do not have a practical met- 
ric equivalent. The ampacity adjustment factors of 310.15(B)(2)(a) apply when there are more than three 
current-carrying conductors in the strut channel. If the fill does not exceed 20%, the number of conductors 
does not exceed 30 and the internal cross-sectional area is greater than 4 sq. in. (2500 mm’), then the adjust- 
ment factors of 310.15(B)(2)(a) do not apply. The temperature adjustment factors at the bottom of the ampac- 
ity tables may apply, depending upon the installation. Luminaires (lighting fixtures) will produce heat. 
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Figure 13.4 Cross-sectional view of strut-type channel raceway. 
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Therefore, follow the strut-channel manufacturer's specifications for mounting fixtures. In some cases a 1/2 in. 
(13 mm) spacing from the back of the luminaire (lighting fixture) to the strut channel is required. In most cases 
using 75°C conductors and terminations, a 1/s in. (3 mm) spacing is considered adequate for fluorescent |umi- 
naires (lighting fixtures) to avoid being required to apply a temperature adjustment factor. The following 
example will show how to determine the maximum number of conductors permitted for an installation. The 
size of strut is generally determined based upon required strength for the application rather than the minimum 
required for the number of conductors. 


Example 13.1 A 15/8 by 19/8 in. strut-type channel is used to support a row of fluorescent luminaires 
(lighting fixtures) and serve as the raceway for the circuit conductors. The multiwire branch-circuits rated 
120/240-volt single-phase supply the luminaires (lighting fixtures). Boxes listed for the purpose and con- 
taining a receptacle are mounted to the strut-channel to supply the plug and cord luminaires (lighting 
fixtures) as shown in Figure 13.5. Determine the maximum number of size 12 AWG copper, Type THHN 
conductors permitted to be installed in this strut-channel raceway where the strut-channel joiners are 
internal. 


Answer: First look up the cross-sectional area of asize 12 AWG, Type THHN conductor in Table 5, 
Chapter 9 and find 0.0133 sq. in. (8.581 mm’). Use the formula given in 384.22 to determine the max- 
imum number of conductors using a 25% fill. The footnote at the bottom of Table 384.22 directs the 
use of the 25% column when the joiners fit inside the strut channel. The maximum number of con- 
ductors is 38. 


0.507 in? 

Number of wires= ————— = 38 wires 
0.0133 in. 
327 mm? 

Number of wires= = --———— = 38 wires 
8.581 mm? 


Splices and taps are permitted to be made in the strut channel provided the cross-sectional area at any 
point does not exceed a 75% fill. NEC® 384.30 requires the strut channel to be supported at intervals not to 
exceed 10 ft (3 m) and within 3 ft (900 mm) of a termination. A strut channel is permitted to serve as an 
equipment grounding means. At the transition between other types of wiring such as EMT to strut channel, 
a means of effective bonding for equipment grounding must be provided. 
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Figure 13.5 A 15/s in. by 15/s in. strut-type channel used as a raceway for the conductors suppling a row of 
fluorescent luminaires (lighting fixtures) also serving as support for the luminaires (lighting fixtures). 
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Article 390 deals with the installation of raceways installed under the floor. A raceway listed for the 
purpose is permitted to be installed in concrete floors. Installation is not limited to concrete floors. 
Underfloor raceway is permitted to be installed in a floor with a 3/4-in. (20-mm) minimum thickness wood 
covering, provided the raceway is not more than 4 in. (100 mm) wide. There is a minimum covering for 
underfloor raceway depending on the width and type of installation. M ore than one raceway may be run par- 
allel in the floor, with one containing power wires and another containing communications wires. Underfloor 
raceway listed for the purpose is permitted to be run flush with the floor of an office building and covered 
with linoleum or an equivalent surface. 

When an outlet is to be installed on the floor and have access to the underfloor raceway, an insert is 
installed. Splices are not permitted to be made at outlets. Connection to a receptacle outlet, for example, is 
done by means of stripping the insulation from the wire and looping the wire around the terminal of the 
device, as shown in Figure 13.6. Splices are permitted only in junction boxes, except in the case of flush- 
mounted underfloor raceway with removable covers, 390.6. 

Article 518 specifies the type of wiring method that is permitted in buildings or portions of structures 
where 100 or more persons are likely to assemble. Examples of assembly occupancies are given in the arti- 
cle. Extra care is taken in these areas to make the wiring system more resistant to fire ignition, fire spread, 
or the production of toxic vapors. The critical factor for emergency egress is the number of people in an area. 
It takes time to get a large number of people out of a building during an emergency. If less than 100 persons 
are in the building or area, egress can be expedited rapidly with a lesser danger to human life. The primary 
intent here is to buy extra time to get the people out of the building. Electrical Nonmetallic Tubing and Rigid 
Nonmetallic Conduit are permitted to be installed as concealed wiring in walls, ceilings, and floors of some 
types of areas where separated from the public by a listed 15-minute finish fire-rated surface, 518.4(C). 

Article 545 covers the installation of wiring components in manufactured buildings. Building compo- 
nents, such as complete wall sections, are constructed (including the wiring) in a manufacturing facility and 
assembled at a building site. The components are of closed construction, which means the wiring is not acces- 
sible for inspection at the building site without disassembling the building components. All raceway and cable 
wiring methods in the Code are permitted for use in manufactured buildings. Other wiring methods shall be 
listed for the purpose. Receptacle outlets and switches with integral boxes are permitted if listed for the 
purpose. At the point where building sections are joined, fittings listed for the purpose and intended to be con- 
cealed at the time of on-site assembly shall be permitted to join the conductors of one section to the conduc- 
tors of another section. 

Article 600 deals with electric signs and outline lighting. This article is broken up into two parts, gen- 
eral information given in Part! and field-installed skeleton tubing in Part II. Skeleton lighting is actually neon 
tubing that is not mounted in a support structure or enclosure. Each commercial building that is accessible to 
patrons is required to have at least one outlet that is dedicated for signs or outline lighting, 600.5(A). When a 
building or structure houses more then one commercial establishment, each occupancy must be provided with 
their own outlet. The minimum rating of this circuit is 20 amperes but the Code also places maximum ratings 
on these circuits. In 600.5(B), the maximum permitted branch-circuit ratings for these signs and outline light- 
ing circuits is 30 amperes for neon and 20 amperes for incandescent and fluorescent forms of lighting. 
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Figure 13.6 A receptacle outlet installed on the floor and supplied with underfloor raceway. 
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Signs and outline lighting are also required to be provided with a disconnect that is within sight of the 
equipment. If the disconnect is placed in a location that is not within sight from the sign, a disconnect that 
is capable of being locked in the open position is required, 600.6(A). The disconnecting means is permitted 
to be a switch, circuit breaker, or may consist of an attachment plug. 

NEC® 600.32 provides the requirements for the installation and protection of the neon secondary 
conductors for field-installed skeleton tubing, operating above 1000 volts. The materials permitted for these 
conductors are listed in 600.32(A)(1). However, it is important to note that there are length restrictions 
depending on the material selected. This section also specifies that only one secondary conductor is to be 
installed in each run of raceway, as shown in Figure 13.7. The maximum length of these secondary conduc- 
tors from the output of the power supply to the electrode is dependent on the power supply and the material 
used to protect the secondary conductors, 600.32(J ). 

Article 604 covers the use and construction of manufactured wiring systems. These are assemblies of 
sections of Type AC Cable, Type MC Cable, or wires in Flexible M etal Conduit or Liquidtight Flexible 
Conduit with integral receptacles and connectors for connecting electrical components in exposed locations, 
as shown in Figure 13.8. These manufactured wiring systems are permitted to extend into hollow walls for 
direct termination at switches and other outlets. The conductors in the manufactured wiring system are not 
permitted to be smaller than size 12 AW G copper, except for taps to single lighting fixtures. A common appli- 
cation has been the connection of lay-in fluorescent fixtures in suspended ceilings. M anufactured wiring sys- 
tems can be listed for installation in outdoor locations as illustrated in Figure 13.9. 

Article 620 deals with the wiring of elevators, dumbwaiters, escalators, and moving walks. A major 
issue is that wiring associated with this equipment shall have flame-retardant insulation, even when installed 
in a raceway, 620.11(C). This is of particular importance to minimize the spread of fire from one floor to 
another. NEC® 620.21 specifies wiring methods for electrical conductors and optical fiber cables permitted 
to be installed in an elevator machine room, machine space, and hoistways. It also specifies wiring methods 
for wellways for escalators and moving walks and for wheelchair and stairway lift runways. The required 
wiring method is Rigid Metal Conduit (RMC), Intermediate Metal Conduit (IMC), Electrical M etallic 
Tubing (EMT), Rigid Nonmetallic Conduit (RNC), and wireway. Type MC, AC, and MI Cables are also per- 
mitted. Some flexible conduits are permitted where flexibility is needed. NEC® 620.21 gives specific rules 
for the use of flexible conduits. Sometimes these materials are only permitted for specific applications. All 
flexible conduits are limited to lengths not greater than 6 ft (1.8 m) except in some applications such as 
machine room spaces. Liquidtight Flexible Nonmetallic Conduit (LFNC) in some situations is permitted to 
be installed in lengths greater than 6 ft (1.8 m). 

W hen wireways are installed for conductors supplying elevator circuits, the current flow is generally 
intermittent and not continuous. Conductor heating takes time. Therefore, in the case of wireways, the fill for 
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Figure 13.7 Field-installed skeleton tubing with secondary circuit conductors operating in excess of 1000 volts. 
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Figure 13.8 A manufactured wiring system is a prewired assembly of conductors and connectors in TypeAC or 
Type MC Cable, Flexible M etal C onduit, or Liquidtight Flexible C onduit. 
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Figure 13.9 Manufactured wiring systems listed for the purpose are permitted to be installed in an outdoor 
location. 


a wireway is a higher percentage than for other installations. NEC ® 620.32 permits the total cross-sectional 
area of the conductors to be up to 50% of the cross-sectional area of the wireway. For other raceways, such 
as conduit and tubing, the percent fill is 40% as is the case with most other installations. 

NEC® 620.61(B) states that elevator and dumbwaiter driving motors shall be classed as intermittent 
duty. In the case of escalator and moving walk driving motors, they shall be considered as continuous duty. 
Another code contains the requirement that a 3-phase drive motor be prevented from starting in the event 
there is a phase rotation reversal. If there is a phase rotation reversal, the drive motor will reverse direction. 
This can cause the elevator to run in reverse. In the case of a hydraulic drive, overheating will occur. 
Interchanging any two phase conductors of a 3-phase system of the building wiring or on the primary elec- 
trical system supplying power to the building will result in a phase rotation reversal. 

Requirements for the wiring of wheelchair lifts and stairway chair lifts are also contained in Article 620. 
One complex task involved in the wiring of an elevator system is the determination of the minimum size of 
feeder required in the system. Example D9 and Example D 10 show how the feeder conductor is sized in two 
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different situations. Several factors concerning elevator installations are not obvious by reading Article 620. 
Example 13.2 will help illustrate how the feeder conductor selection current is determined. 


Example 13.2 Four passenger elevators are powered with motor-generator sets with the motor- 
generator set powered by 30-horsepower, 3-phase, 460-volt motors. In addition to this load, 12 amperes 
continuous load per elevator is required for operation control equipment. The motor-generator sets have 
a continuous-duty rating. Determine the minimum feeder conductor selection current. 


Answer: NEC® 620.13 states that for a motor-generator set, the feeder conductor shall be deter- 
mined based on the ampacity of the drive motor. NEC® 620.13(B) can be misleading because 
passenger elevator motors are actually rated as intermittent duty motors. Start by looking up the 
30-horsepower, 3-phase, 460-volt motor full-load current in Table 430.250, which is 40 amperes. The 
load consists of several motors plus other load; therefore, 430.24 is used to determine the feeder cur- 
rent rating. The feeder current is the sum of the full-load current of all the motors, plus other load, 
plus 25% of the full-load current of the largest motor. If all motors are the same size, then take one 
of them as the largest. But it is not quite so easy. Exception 1 to 430.24 states that if the motors are 
used for short-time, intermittent, periodic, or varying duty, the motor current shall be as determined 
by 430.22(E). Table 430.22(B) states that a passenger elevator motor is considered to be intermittent 
duty. If the actual motor is a continuous-duty motor, then it can be overloaded without damage if oper- 
ated intermittently. Therefore, the continuous full-load current rating of the motor is multiplied by 
1.4 for use in the feeder calculation because it will be overloaded for short periods of time. In this 
case, the current to use for the motors is 56 amperes. 


40A x 14=56A 
The feeder selection current calculation is determined according to 430.24, Exception 1 as follows: 
4x 56A =224A 


According to 620.14, a demand factor can be applied to that portion of the feeder current determined 
according to 620.13. The demand factor for four elevators as determined in Table 620.14 is 0.85. To 
get the actual feeder selection current, multiply the motor load calculated by this demand factor and 
then add the operation control load according to Sections 430.24 and 215.2(A). 


0.85 x 224A = 190A 
4x12AxX1.25 = 60A 


250A feeder selection current 


An elevator machine room or machine space is required to be provided with at least one separate 
branch-circuit that supplies both the lighting for equipment, and at least one duplex receptacle. This rule is 
found in 620.23. The switch for the lighting is required to be at the point of entry to the machine room or 
space. NEC® 620.85 requires that each of these receptacles be of the ground-fault circuit-interrupter type. 
NEC® 620.23(A) requires that the lighting be tapped to the supply side of the ground-fault circuit interrupter. 
The same rules apply to an elevator hoistway pit. A separate circuit is required to supply a light and duplex 
receptacle in an elevator hoistway pit. NEC® 620.24 requires that each hoistway pit area light be controlled 
by a switch at the entrance to the pit. The hoistway pit is also required to be provided with one ground-fault 
circuit-interrupter type receptacle. The light in the pit is required to be tapped from the supply side of the 
ground-fault circuit-interrupter receptacle, as illustrated in Figure 13.10. 

Article 647 provides rules for establishing a unique type of separately derived electrical system called 
technical power. |n the past, it was only permitted to be installed in motion picture and television studios. 
Technical power systems are now permitted to be installed in any commercial or industrial building where 
there is concern for electrical noise that affects audio and video signals. Much of the sound and video pro- 
cessing, recording, and reproduction equipment operates at 120 volts with one circuit conductor grounded. 
The reality is that grounds are sources of electrical noise. Even a properly installed and well-maintained elec- 
trical system can have differences in potential between different points on the grounding system that give 
rise to current flow. A technical power system operates at 120 volts with both conductors ungrounded. The 
system is grounded by connecting the midpoint of a 120-volt secondary winding of an insulating transformer 
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Figure 13.10 The lighting serving an elevator hoistway is required to be tapped on the line side of any ground- 
fault circuit-interrupter protecting receptacles. 


to ground. This creates a system that has 60 volts to ground from either ungrounded conductor as shown in 
Figure 13.11. This is sometimes called a balanced 120-volt system. 

NEC® 647.4(A) requires the technical power to be distributed with a single-phase, 3-wire panelboard. 
The two ungrounded lines with 120 volts between them are fed into the main circuit breaker. The center-tap 
grounded conductor is fed into the neutral terminal block. All branch-circuit breakers are 2-pole common- 
trip. The output to each piece of equipment will be 120 volts with two ungrounded conductors. NEC® 
647.4(C) requires that all branch-circuit and feeder conductors be color coded or marked in some effective 
manner that the conductors can be identified as to the originating panelboard and the conductor at that pan- 
elboard. NEC ® 647.4(B) requires that all junction boxes be identified as to the voltage of the conductors, and 
the panelboard from which the conductors originate. 
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Figure 13.11 A technical power system is a separately derived grounded system operating at 60/120 volts with 
60 volts measured line-to-ground and 120 volts line-to-line. 
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NEC® 647.6(A) clearly states that a technical power system is a separately derived system. This means 
the rules of 250.30 will apply with respect to grounding the system. Refer to U nit 8 for a detailed discussion 
of grounding separately derived systems. NEC °® 647.6(B) explains that the grounded conductor from the cen- 
ter tap of the transformer is required to be grounded on the supply side of the first disconnecting means of 
the separately derived system. That would mean the neutral terminal of the technical power panelboard is 
connected to a grounding electrode, as shown in Figure 13.11. 

NEC® 647.7(A)(1) requires that all 15- and 20-ampere receptacles supplied from the technical power 
system be ground-fault circuit-interrupter protected. The concern is that there is no grounded neutral circuit 
conductor. What may be identified as a neutral conductor in connected equipment is actually 60 volts to 
ground. NEC® 647.7(A)(4) requires receptacles for technical power to have a unique configuration. The con- 
figuration is not specified. This same paragraph does permit standard 15- and 20-ampere rated 125-volt 
receptacles to be used in areas where only qualified personnel will work on the equipment. This essentially 
describes all areas. Therefore, standard receptacles are used for technical power systems, as shown in 
Figure 13.12. The circuit conductors are required to be color coded or identified but no specific colors are to 
be used. It is important to be consistent with respect to which conductor will be connected to the silver screw 
on receptacles and which will be connected to the brass-colored screw. These are both ungrounded conduc- 
tors. Therefore, white is not used. There will be an equipment grounding conductor run to the grounding 
terminal of the receptacle and that wire will be either bare or green. Grounding of these circuits will be done 
in the same manner as grounding of other circuits. If there is concern about mixing receptacle and equipment 
grounds with box and raceway grounds, it is permitted to use insulated ground receptacles. In this case, a 
green insulated conductor is run to the grounding terminal of every receptacle and the boxes and raceways 
are grounded separately. 

NEC® 647.7(A)(2) requires labeling of all receptacles that are supplied by the technical power system. 
Itis important these receptacles not be used for any purpose other than supplying sensitive electronic equip- 
ment. To help ensure this is not violated, 647.7(A)(3) requires a standard 15- or 20-ampere, 125-volt recep- 
tacle with a grounded neutral conductor be located within 6 ft (1.8 m) of every technical power receptacle. 
This is illustrated in Figure 13.12. One regular receptacle, if properly placed, can fill this requirement for 
many technical power receptacles in a given area. 

If lighting equipment is also supplied from the technical power system, there are some special require- 
ments because there is no grounded-circuit conductor. NEC ® 647.8(C) requires that in the case of screw shell 
lamps, the screw shell of alamp is not permitted to be exposed to contact while it is making contact with the 
screw shell of the lamp socket. This will prevent a person changing lamps from making contact with a 
60-volt conductor. There will be cases where lighting units are a part of electronic sound and video pro- 
cessing, recording, or reproduction equipment. Some equipment may have electric discharge lighting with a 
ballast. The ballast is required to be one that is identified for use with a separately derived system. Avoiding 
connecting lighting equipment to the technical power system is desirable if practical. 
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Figure 13.12 Spacing requirements between receptacles supplied by a technical power system and 125-volt, 
15- and 20-ampere receptacles served by the normal building electrical system. 
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In facilities with 3-phase power available, it may be desirable to supply the technical power sys- 
tem from a 3-phase supply. This is permitted by 647.5, which specifies using a wye 3-phase system. The 
Code refers to this as a 6-phase separately derived system. An example of how this can be accomplished 
is shown in Figure 13.13. The 208-volt output of each set of phases from the wye transformer is supplied 
to the primary of a single-phase transformer that has a 120-volt output with a center tap. The single-phase 
output of each transformer is fed to a separate 3-wire, single-phase panelboard in a manner similar to 
Figure 13.11. It would be necessary to keep the conductors from each technical power panel uniquely 
identified to avoid mixing up the conductors. Each panelboard is grounded to the same separately derived 
system grounding electrode, and therefore, a circuit will be completed if the conductors are not kept 
separated. 

Voltage drop, especially on grounded conductors, creates the conditions that lead to objectionable 
ground currents. With technical power systems, it is important to make sure the source of the technical 
power is grounded only at one point. Some electronic equipment is extremely voltage sensitive and will not 
function properly if input voltage deviates from sometimes very narrow tolerances. M aximum voltage-drop 
requirements are placed on the conductors of a technical power system. NEC® 647.4(D) restricts voltage 
drop on technical power branch-circuits to specific fixed equipment to not more than 1.5%. The current 
draw of the equipment would need to be known in order to determine the voltage drop. The total voltage 
drop on feeders and branch-circuits is not permitted to exceed 2.5% There is no specific voltage drop 
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Figure 13.13 A 60/120-volt technical power system derived from a 3-phase electrical system. 
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required on the feeder. Therefore, if the feeder voltage drop exceeds 1%, then less than 1.5% is permitted 
on the branch-circuits. 

In the case where the actual equipment load is not known, and several receptacles are placed to sup- 
ply the equipment, only 1% voltage drop is permitted on those circuits. The reason for this is that there is 
a power cord at equipment that will also result in some voltage drop. The voltage drop on a circuit sup- 
plying receptacles where the load is not known is based upon 50% of the rating of the branch-circuit. For 
a 20-ampere branch-circuit, the load is based on 10 amperes. Voltage-drop calculations were discussed in 
detail in Unit 6. These are single-phase circuits operating at 120 volts. Use Equation 6.4 to determine the 
voltage drop if the load, wire size, and circuit length are known. Use Equation 6.6 to determine the cross- 
sectional area of the conductor necessary to limit the voltage drop to a specific percentage such as 1% 
when the load and length of circuit are known. Then look up the wire size in Table 8 in the Code. The fol- 
lowing example will show how the minimum wire size is determined for a receptacle circuit supplied from 
a technical power system. Values of resistivity (K) of copper and aluminum will be needed for a voltage- 
drop calculation using Equation 6.4 or Equation 6.6. Values of K are given in Table 1.2 of Unit 1. The 
technical power circuits will most likely be copper. Therefore, it is recommended for these calculations to 
use a value of 12 ohm cmil/ft (0.02 ohm mm?/m) in the equations. These values are for a conductor oper- 
ating temperature of approximately 50°C which, for a technical power circuit, is most likely higher than 
it will ever operate. 


Example 13.3 A 20-ampere, technical power, branch-circuit supplies several receptacles located in 
a small area near where electronic equipment will be connected. The distance from the transformer to 
the technical power panelboard is short and the voltage drop on the feeder will not exceed 1%. The 
distance from the panelboard to the receptacle location is 40 ft (12.19 m). Determine the minimum size 
copper conductor with 75°C insulation and terminations required for this circuit. 


Answer: NEC*647.4(D)(2) only permits a1% voltage drop on a circuit supplying receptacles. 
That same section specifies for receptacles that the load to be used in the calculation is 50% of 
the rating of the circuit, which in this case is 10 amperes. Choose a value of 12 for resistivity of 
the conductor and use Equation 6.6 to determine the wire cross-sectional area needed to limit 
voltage drop to 1%. The wire must have a cross-sectional area of not less than 8000 circular mils 
(4.06 mm’). Then look up the minimum conductor size in Table 8, Chapter 9 of the Code and 
find size LOAWG. 


Cross-sectional area of wire = 2x 12 x 10A x 40ft = 8000 cmil 
0.01 x 120 V 


Cross-sectional area of wire = eae Ws ee = 4.06 mm? 
0.01 x 120V 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide518 Assembly Occupancies 


518.4(A ): The wiring installed in a building, or area of a building, considered an assembly occupancy is 
required to be in metal raceway, Type MI cable, Type MC cable, or TypeAC cable. The change in 
this section is that the wiring method is required to qualify as an equipment grounding conductor 
according to 250.118, or it will be necessary to install an insulated equipment grounding conduc- 
tor properly sized for the branch circuit or feeder. 
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518.5: An assembly occupancy is frequently provided with power outlets for the connection of portable 
switchboards and power distribution equipment. Typical loads are audio equipment and lighting. 
Depending upon the power available in the assembly occupancy, these outlets are often 120/240 volt, 
3-wire, single-phase or 208/120 volt, 4-wire, 3-phase. Outlets rated up to 400 amperes are common. 
Lighting in particular and some other equipment are controlled through solid-state dimming equip- 
ment. There are two basic types of dimming equipment available: one called phase-control, where 
the current with respect to the voltage is considered to be a non-linear load, and the other type, which 
is known as sine-wave dimming, produces an output current that is considered to be a linear load. 
Where the current is considered to be a linear load, there is cancellation of currents on the neutral 
conductor, and with non-linear loads this neutral cancellation does not occur, resulting in a signifi- 
cant current on the neutral conductor, even when the phase loads are balanced. 

The past edition of the Code required the neutral of feeders supplying dimmer systems to be 
considered a current-carrying conductor for the purposes of ampere adjustment. The change is that 
for the cases where the only portable load will be a sine-wave dimmer, the neutral is not required 
to be considered a current-carrying conductor. The outlet may be one that could use either type of 
dimmer, and in those cases the Exception to this section requires the feeder neutral to be consid- 
ered to be a current carrying conductor. The output of a sine-wave dimmer is a series of pulses 
forming a sine wave as shown in Figure 13.14. The phase-control type dimmer allows the current 
to flow only for a portion of the cycle. 


Artide600 Electric Signs and Outline Lighting 


600.4(C): Signs that are supplied in separate sections that must be field connected to form the complete 
sign are now required to be provided with a label on the sign sections indicating that field wiring 
and installations instructions are required to be followed. 

600.6(A )(1): The disconnecting means for a sign now must be fitted with a locking means that remains 
with the disconnect when the lock is removed. Portable locking means are no longer acceptable. 

600.6(B )(2)(3): The locking means for the sign controller disconnect is now required to be such that 
when the lock is removed the locking means remains with the disconnect. Portable means of lock- 
ing the disconnect is no longer permitted as meeting the locking requirement of the Code. 

600.7(A )(1): The equipment grounding conductor for a sign and metal equipment of an outline lighting 
system is now required to be of a type specified in 250.118. The previous edition of the Code sim- 
ply required it to be grounded with no specific instructions. There is a new exception that does not 
require grounding for double insulated signs that are distinctively marked. 

600.7(A )(2): Now the equipment grounding conductor for a sign or outline lighting system is required to 
be sized according to 250.122 based upon the rating of the overcurrent device protecting the branch 
circuit or feeder. The previous edition of the Code did not specify a minimum size for the equip- 
ment grounding conductor, except that it was intended that the rules of Article 250 would apply. 

600.7(A )(3): All connections are to be made the same as equipment grounding connections for all other 
circuits as described in 250.8. This was the intention in the previous edition of the Code, except it 
was assumed the installer would refer to Article 250 for any information that was not specifically 
stated in Article 600. 


SINE-WAVE DIMMER  PHASE-CONTROL DIMMER 
OUTPUT OUTPUT 


Figure 13.14 Typical output from a phase-controlled dimmer regulates power to the load by controlling the 
on-time of the current flow, while the sine-wave dimmer regulates power by varying the magnitude of a sine- 
wave consisting of a series of pulses. 
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600.7(A )(4): An auxiliary grounding electrode is permitted to be installed and bonded to the equipment 
grounding conductor. This was always the case, as stated in 250.54. 

600.7(B)(3): Metal parts of a building or structure are not permitted to be used as a means of bonding 
individual parts of a sign or outline lighting, or as a means of bonding the equipment to the equip- 
ment grounding conductor of the circuit or feeder. 

600.12(C): This is a new section that describes permitted wiring methods for field installed secondary 
circuits operating at less than 50 volts. 

600.21(E): A ballast, transformer, or electronic power supply is permitted to be installed in an attic or 
soffit if minimum access requirements are provided. The width of the opening has been reduced 
from 24 in. (600 mm) to 221/2 in. (562.5 mm). This change was made because structural members 
are typically installed on 24 in. (610 mm) centers, which only permit a 2214/2 in. (562.5 mm) open- 
ing if standard building materials are used. There is an additional requirement that a lighting 
outlet be provided near the ballast, transformer, or electronic power supply and that a switch be pro- 
vided at the point of entry to the space, as illustrated in Figure 13.15. 

600.24: Class 2 transformers, power supplies, and power sources are now required to be listed for use 
with electric signs and outline lighting. There is now a requirement specifying the installation of 
Class 2 wiring with respect to sign and outline lighting circuits. 

600.32(K ): Splices in neon sign secondary circuits that operate at over 1000 volts are required to be made 
in enclosures rated for over 1000 volt installations, and the enclosures must be accessible after 
installation. 

600.41(B): Neon tubing is now required to be supported not more than 6 in. (150 mm) from the electrode 
connection. 

600.41(D): Neon skeleton tubing that is field installed is not permitted to be exposed to physical dam- 
age. If the neon skeleton tubing is readily accessible to other than qualified personnel, then suitable 
guards are required to be installed. 

600.42(A): The point where high-voltage conductors emerge from the wiring method used for neon 
skeleton installations of a listed enclosure shall be installed at the point of transition to the neon 
tubing. 

600.42(H): Electrode enclosures not only shall be listed, but they shall be listed for wet locations if 
installed in a wet or damp location. 


Artide 604 Manufactured Wiring Systems 


604.6(A )(1)(3): Listed Type MC cable with a grounding conductor and metal sheath that is listed as an 
equipment grounding conductor in accordance with 250.118(10). The previous edition of the Code 
only recognized Type MC cable with an insulated equipment grounding conductor. 

604.6(A )(3) Exception: Flexible cord smaller than size 12 AWG copper is permitted as a manufactured 
wiring system to supply a luminaire where the luminaire meets the requirements of 410.62(C). 

604.6(A)(4): A busway is permitted to be used as a wiring method for the support of and supply to 
luminaires where the busway consists of factory mounted wires and plug-in units are rated con- 
tinuous duty. 


BUILDING 
SCUTTLE OPENING BALLAST, TRANSFORMER, 
TO ATTIC OR POWER SUPPLY 


IN ATTIC FOR SIGN 


S 


i 600.21(E) we 


SWITCH REQUIRED | YMINAIRE REQUIRED 
ATENTRANCE TO —s NEAR EQUIPMENT 


ATTIC SPACE REQUIRING SERVICING 


Figure 13.15 When a sign ballast, transformer, or power supply is installed in an attic or soffit, a luminaire is 
required to be installed near the equipment requiring servicing with a switch at the entrance to the space. 
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Artide Elevators, Dumbwaiters, Escalators, Moving Walks, Platform Lifts, and Stairway 
Chairlifts 


620.2: There are new definitions of remote machine room and control room, and remote machinery space 
and control space. 

620.21(A )(1)(d): This paragraph deals with flexible wiring connections installed in a hoistway. The para- 
graph was rewritten to make the meaning clear; however, it may seem as though there has been a 
change since the language in the previous edition of the Code was difficult to understand. W hether 
the flexible connection was raceway, cord, cable, or cabled individual conductors, the maximum 
length permitted was and still is 6 ft (1.8 m). 

620.21(A )(1)(e): A sump pump or oil-recovery pump installed in a hoistway pit is permitted to be con- 
nected with a hard usage cord with a length not to exceed 6 ft (1.8 m). 

620.21(A )(2)(d): This paragraph deals with flexible wiring connections installed on elevator cars. The 
paragraph was rewritten to make the meaning clear; however, it may seem as though there has been 
a change since the language in the previous edition of the Code was difficult to understand. 
Whether the flexible connection was raceway, cord, cable, or cabled individual conductors, the 
maximum length permitted was and still is 6 ft (1.8 m). 

620.21(A )(3)(e): This is a new section that permits flexible connections in a machine room, control 
room, or machinery space to be made with flexible cord or cable in lengths not to exceed 6 ft 
(1.8 m) to listed equipment, driving machine, or driving machine brake. The flexible cord or cable 
is required to be of a flame-retardant type and protected from physical damage. The previous edi- 
tion of the Code required that flexible connections in these spaces be made using flexible raceway. 

620.21(A )(4): This paragraph deals with flexible wiring connections installed on a counterweight assem- 
bly. The paragraph was rewritten to make the meaning clear; however, it may seem as though there 
has been a change since the language in the previous edition of the Code was difficult to under- 
stand. Whether the flexible connection was raceway, cord, cable, or cabled individual conductors, 
the maximum length permitted was and still is 6 ft (1.8 m). 

620.21(C)(3): This is a new paragraph that now permits flexible cords and cables to be installed in 
lengths up to 6 ft (1.8 m) as components of listed equipment for platform lifts and stairway chair 
lifts. Circuits are limited to 30 volts rms or 42 volts dc. 

620.44: This section specifies a distance of 6 ft (1.8 m) from the point at which a traveling cable is sup- 
ported near the terminations to the point at which the conductors are terminated or run within race- 
way. The language in the previous edition of the Code was not clear enough to convey a uniform 
interpretation and was rewritten with no change in original intent. 

620.51(A ): The disconnecting means for power to the driving units and associated equipment is required 
to be capable of being locked in to open position. The change is that the locking means shall be of 
a type where the locking provision at the disconnect be of a type that remains with the disconnect 
when the lock is removed. Portable locking devices are no longer permitted. A switch generally is 
manufactured with a means of locking the contacts in the open position, but circuit breakers gen- 
erally must have a locking means added such as the one shown in Figure 13.16. 

620.51(A) Exception 2: This is a new exception that permits the electric power disconnecting means for 
a stairway chairlift to be a cord and plug, where the cord does not exceed a length of 6 ft (1.8 m) 
and the lift is on an individual branch circuit. 


ON INSERT LOCK 


a HERE TO LOCK 


IN OPEN POSITION 


ADD-ON LOCKING MEANS 
THAT REMAINS WITH CIRCUIT 
CIRCUIT BREAKER BREAKER 


Figure 13.16 Circuit disconnects that are required to be capable of being locked in the open position must be of 
a type where the locking means remains with the disconnecting means, even when the lock has been removed. 
Locking means for circuit breakers meeting these requirements are available as add-on attachments. 
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620.51(C)(1): For elevators with motors that do not have generator field control, a disconnecting means is 
required to be located within sight of the controller and is required to be capable of being locked in 
the open position. The change deals with the case where the driving motor controller is located in the 
hoistway. The circuit disconnecting means is required to be located in the machine room, machine 
space, or control space. An additional non-fused motor circuit switch is required to be located in the 
hoistway within sight of the driving motor. These disconnecting means are now required to be of a 
type where the locking means remains with the disconnect when the lock is removed. 

620.53: The disconnecting means for power to an elevator car for lights, receptacle, and ventilation is 
now required to be of a type capable of being locked in the open position where the locking means 
is of a type that remains with the disconnect when the lock is removed. 

620.54: The disconnecting means for power to an elevator-car- heating and air-conditioning unit is now 
required to be of a type capable of being locked in the open position where the locking means is of 
a type that remains with the disconnect when the lock is removed. 

620.55: The disconnecting means for power to other utilization equipment is now required to be of a type 
capable of being locked in the open position where the locking means is of a type that remains with 
the disconnect when the lock is removed. 


Artide 645 Information Technology E quipment 


645.2: A new section was added for definitions, and a new definition of abandoned supply circuit and 
interconnecting cable was added. These are cables not terminated at equipment and not tagged for 
future use. 

645.5(D): This section lists the types of cables that are permitted to be installed under a raised floor of an 
information technology equipment room. A dded to the list was supply cords for listed equipment. 

645.5(F): This was 645.5(D)(6) in the previous edition of the Code with some modifications. Cables are 
required to be removed only if abandoned and accessible. 

645.5(G): It is often a common practice to install cables for future use. These cables are now required to be 
provided with a durable tag. The tag is required to provide the date installed, the date of intended use, 
and the intended future use. An example of a permanent tag that provides the required information is 
shown in Figure 13.17. 

645.10: This section relates to the disconnecting means for the HVAC equipment and information tech- 
nology equipment in a dedicated room. Some rooms are large, and zones within the room may be 
controlled by a disconnecting means that does not disconnect all equipment in the room. The 
change is that the zone controlled by the disconnecting means is required to be indicated at the 
location of the disconnecting means. There is also a requirement that such rooms that are divided 
into zones must have means to confine fire and products of combustion to that particular zone. 


Artide 647 Sensitive Electronic E quipment 


647.8(A ): Any luminaire (lighting fixture) supplied from a technical power system and any controls for 
the luminaire are required to be provided with a disconnecting means. Since there are two 
ungrounded wires for these 120 volt circuits, both ungrounded conductors must be disconnected. 
The change is that means for locking the disconnect in the open position must be of a type that 
remains in place with the lock removed. If the luminaires are on an individual circuit, the 2-pole 
circuit breaker can be fitted with a locking device. 


Figure 13.17 Spare cables that are part of an information technology system and are left in place or 
are added for future use are required to be durably marked with the date installed or designated as 
for future use, the estimated date of future use, and the intended future use. 
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WORKSHEET NO. 13— BEGINNING 
COMMERCIAL WIRING APPLICATIONS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A portion of a building has a precast cellular concrete floor that is being used for an 
electrical raceway. The cells in the concrete floor that are being used as a raceway are 
3 in. (76.2 mm) in diameter with a cross-sectional area of 7.07 sq. in. (4560 mm’). 
Four Type THWN copper conductors are to be run through the concrete cells as 
shown in Figure 13.18. The maximum size conductors permitted is: 


A. 2AWG. D. 250 kcmil. 
B. 1/OAWG. E. 500 kcmil. 
C. 3/0AWG. 


Codereference. 
2. Multioutlet assemblies are permitted to be installed: 
A. indamp, but not wet, locations. 
B. inan environment where corrosive vapors are present. 
C. in hoistways. 
D. through walls that are dry, provided the cover can be removed on all exposed 
assembly. 
E. where exposed to physical damage. 
Codereference 
3. A strut-type channel raceway is surface mounted to a ceiling and used to support lumi- 
naires (lighting fixtures) as well as serve as the raceway for the conductors. The sec- 
tions of strut channel are secured within 3 ft (900 mm) of ends and terminations and 
shall be secured at intervals not greater than: 


A. 3ft(900 mm). D. 8 ft (2.5 m). 
B. 41/2 ft (1.4 m). E. 10 ft (3 m). 
C. 5 ft(1.5 m). 


Codereference 
4, Grounding of receptacles and luminaires (lighting fixtures) attached to a strut-type 
channel raceway is: 
A. required to be accomplished using a bare equipment grounding wire. 
B. required to be accomplished using an insulated equipment grounding wire. 
C. only permitted to be accomplished by the strut channel if made of aluminum. 
D. required to be by means of a copper equipment grounding wire if the circuit 
operates at more than 150 volts to ground. 

E. permitted to be accomplished by the strut channel. 

Code reference 


CELL WITH PROPER FITTINGS 
USED AS A RACEWAY 


PRECAST CELLULAR CONCRETE FLOOR 


Figure 13.18 Determine the maximum size conductors permitted to be installed in a 3 in. (75 mm) diameter cell 
used as raceway in precast cellular concrete floor. 
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IS A SPLICE PERMITTED? 


INSERT 


UNDERFLOOR 
RACEWAY = Oe 


Figure 13.19 What type of connection is required for the wires to a receptacle outlet at an insert installed in 
underfloor raceway? 


5. Aninsert is installed into underfloor raceway of an office building for electrical out- 
lets at a workstation as shown in Figure 13.19. The connection of the individual 
wires to the receptacle at the insert: 

A. is permitted to be spliced with a pigtail connected to the receptacle. 

B. shall be made with the main conductor stripped, but not cut, with a short pigtail 
soldered to the main conductor and connected to the receptacle. 

C. is permitted to be the main conductor stripped and looped around the terminal 
screw of the receptacle. 

D. is permitted to cut the main circuit wire and connect one to each terminal screw 
of the receptacle. 

E. is permitted to cut the main circuit wire and push the wire into the receptacle pro- 
vided a screw terminal is provided at the receptacle to ensure a tight connection. 


Codereference 
6. A restaurant will be classified as an assembly occupancy if itis ruled to have a seat- 
ing capacity of not less than: 
A. 75 persons. D. 200 persons. 
B. 100 persons. E. 500 persons. 
C. 150 persons. 
Codereference 
7. Anarea of a motel is used for conferences and meetings and as required by the local 
jurisdiction is classified as an assembly occupancy and is to be of fire-rated con- 
struction. A wiring method not permitted to be run as exposed wiring on the surface 
of walls and ceilings is: 
Type AC Cable with an insulated equipment grounding conductor. 
Flexible M etal Conduit. 
Type MC Cable. 
Electrical M etallic Tubing. 
Rigid Nonmetallic Conduit. 


mOOmD> 


Codereference 
8. An electric sign is not protected from physical damage, and it is located above an 

area accessible to vehicles, as shown in Figure 13.20. The minimum clearance from 
the bottom of the sign to the paved vehicle surface shall not be less then: 
A. 10 ft (3m). D. 18 ft (5.5 m). 
B. 12 ft (3.7m). E. 20 ft (6 m). 
C. 14 ft (4.3 m). 

Code reference 
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Figure 13.20 Determine the minimum height of a sign permitted when the area under the sign is open to vehic- 
ular traffic. 


9. Anelectric sign that contains either incandescent or fluorescent luminaires (light- 
ing fixtures) shall be supplied from a branch-circuit that has a rating not to 


exceed: 
A. 15 amperes. D. 40 amperes. 
B. 20 amperes. E. 50 amperes. 


C. 30 amperes. 
Codereference 
10. A neon sign on the outside of a building has the transformer installed inside the 
building with only a short distance between the transformer and the sign. The trans- 
former is to be installed in a space: 
that is 3 ft wide (900 mm), 3 ft high (900 mm), and 3 ft deep (900 mm). 
3 ft (900 mm) of clear space in all directions from the transformer. 
30 in. wide (750 mm), 4 ft high (1.2 m), and 3 ft (900 mm) clearance in front. 
24 in. (600 mm) of clear space in all directions from the transformer. 
12 in. wide (300 mm) and 3 ft high (900 mm) and completely open in front. 


moOOD> 


Codereference 
11. A manufactured wiring system is installed in the ceiling of an industrial building to 

supply high-intensity discharge (HID) luminaires (lighting fixtures). Type SO flexible 
cord with size 12 AWG conductors, completely visible for the entire length, is part of 
a listed factory-made assembly for connecting the luminaires (lighting fixtures) to the 
branch-circuit as shown in Figure 13.21. The maximum length of the manufactured 
wiring system is: 
A. 24 in. (600 mm). C. 41/2 ft (1.4 m). E. not specified. 
B. 3ft(900 mm). D. 6ft(1.8 m). 

Code reference 
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MANUFACTURED 
WIRING SYSTEM 


TYPE SO 
FLEXIBLE CORD 


Figure 13.21 Determine the maximum length of flexible cord when a high-intensity discharge fixture is con- 
nected to a manufactured wiring system using Type SO flexible cord. 


12. A required 125-volt, 15- or 20-ampere branch-circuit serves the lights and recepta- 
cles in an elevator machine room. The lights in the room are required to be: 

connected to the supply side of the ground-fault circuit interrupter. 

arc-fault protected. 

incandescent with at least two luminaires (lighting fixtures). 

ground-fault circuit-interrupter protected. 

grounded with an insulated equipment grounding conductor. 


mOOD> 


Codereference 
13. Inthe wellway of an escalator, trade size 3/8 (12) Liquidtight Flexible M etal Conduit 
is used to protect wires supplying control equipment. The length of Liquidtight 
Flexible M etal Conduit is not permitted to exceed: 
A. 2 ft (600 mm). C. 41/2 ft (1.4 m). E. 10 ft(3m). 
B. 3 ft(900 mm). D. 6ft(1.8 m). 


Codereference 

14. A computer room has a raised floor as shown in Figure 13.22. A circuit is run through 
the raised floor space to supply field-installed equipment and receptacles. A wiring 
method not permitted to be installed in the raised floor space is: 

Type UF Cable. 

Electrical Nonmetallic Tubing (ENT). 

Type AC Cable. 

Flexible M etal Conduit (FM C). 

Rigid Nonmetallic Conduit (RNC). 


mOOD> 


Codereference 

15. In an area of a commercial building where sensitive electronic equipment is used, 
and electrical noise is a major concern, a technical power system is installed. The 
sensitive electronic equipment is supplied power from receptacles of the technical 
power system which has two ungrounded conductors operating at 120 volts. A 
125-volt, 15- or 20-ampere rated receptacle from the premises wiring system, with 
a grounded neutral conductor, is required to be installed in the same area with the 
technical power receptacles (Figure 13.23), and located a distance from any techni- 
cal power receptacle not more than: 


A. 3 ft (900 mm). D. 10 ft (3 m). 
B. 41/2 ft (1.4 m). E. 15 ft (4.5 m). 
C. 6 ft (1.8 m). 


Code reference 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Commercial Wiring Applications 447 


ooooo oooo0 
ooooo ° ooooo ° RAISED 


= FLOOR 
ooo00 F | 


LT/ 


~ RACEWAYS 
CABLES 


Figure 13.22 What are the wiring methods permitted for a power circuit supplying receptacles for information 
technology equipment and installed through the raised underfloor space of a computer room? 
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RECEPTACLES SUPPLIED FROM TECHNICAL POWER SYSTEM 


Figure 13.23 A 15- or 20-ampere, 125-volt receptacle supplied from the premises wiring system with a neutral 
circuit conductor is required to be installed within a maximum of what distance from all receptacles of the tech- 
nical power system? 
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WORKSHEET NO. 13— ADVANCED 
COMMERCIAL WIRING APPLICATIONS 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A flat cable assembly consists of a Type FC Cable installed in strut that is attached 
to a ceiling. Taps are made for the installation of luminaires (lighting fixtures) by 
using terminal blocks that are installed into the strut and pierce the flat conductor 
cable as shown in Figure 13.1. If a protective cover is not installed to prevent access 
to the conductors, the minimum mounting height of the flat conductor assembly 
above the floor is: 


A. 7 ft (2.1m). D. 10 ft (3 m). 
B. 74/2 ft (2.3 m). E. 12 ft (3.7 m). 
C. 8 ft(2.5 m). 


Codereference 

2. An insert is installed into a cellular concrete floor raceway for a receptacle outlet at 
a workstation. An equipment grounding conductor shall be installed and shall: 

be bare. 
be bonded to the equipment grounding conductor in the header for the cell. 
be insulated. 
be bonded directly to the equipment grounding conductor in the adjacent cell. 
not exceed 100 ft (30 m) in length. 


mOOD> 


Codereference 
3. A receptacle outlet is removed at an insert in cellular metal floor raceway and the 

outlet is abandoned. The conductors that were connected to the receptacle are: 

A. permitted to be insulated with tape and placed into the raceway. 

B. required to be removed. 

C. permitted to remain in the raceway and reinsulated if the conductor is continu- 
ous without any nicks or breaks. 

D. permitted to remain if the reinsulation is listed for underground use and is 
watertight. 

E. required to be labeled as abandoned if reinsulated and left in the raceway. 


Codereference 

4. A strut-type channel raceway, trade size 15/8 by 1, is installed across the ceiling of a 

commercial storage area to support wiring and luminaires (lighting fixtures). Internal 

joiners are used to connect the strut channel sections. The conductors installed in the 

strut channel are size 12 AWG copper, Type THWN with 75°C terminations, as 

shown in Figure 13.24. The maximum number of conductors permitted to be 

installed in the strut channel is: 

A. 9. CG... 21. E. 34. 

B. 16. D. 30. 


Code reference 
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Figure 13.24 Determine the maximum number of size 12 AWG Type THWN conductors permitted to be 
installed in trade size 15/3 by 1 strut-channel raceway. 


5. The suspended ceiling of a restaurant classified as a place of assembly has a 
15-minute finish fire rating, as shown in Figure 13.25. The space above the ceiling 
is not used as a plenum for environmental air. A wiring method not permitted to be 
used in the space above the suspended ceiling is: 

all are permitted. 

Electrical Nonmetallic Tubing (ENT). 

Flexible M etal Conduit. 

Type AC Cable not containing an insulated equipment grounding wire. 

Electrical M etallic Tubing (EMT). 


mOOD> 


Codereference. 

6. In an exhibition hall ruled as an assembly occupancy, a cable tray is installed for the 

purpose of placing cords used for temporary wiring for the floor displays, as shown 

in Figure 13.26. Only qualified personnel will service and maintain the installation. 

The cords placed in the cable tray and used for the temporary wiring and shall be 

rated for: 

A. hard or extra-hard usage and must be installed with a space not less than one 

cord diameter between each cord. 


B. extra-hard usage and placed in a single layer. 
C. extra-hard usage and limited to 100 ft (30 m) lengths. 
D. hard or extra-hard usage and must be placed in a single layer. 
E. hard usage. 
Codereference. 
WIRING 
METHODS 
PERMITTED? 

+ i i i 

RESTAURANT ‘ 


15-MINUTE FIRE 
RATED CEILING 


Figure 13.25 What wiring methods are permitted to be installed in a suspended ceiling of a restaurant that has 
a 15-minute finish rating. 
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Figure 13.26 Cable tray is installed in an exhibition area for temporary wiring to exhibition booths has flexible 
cable provided to exhibit spates using what rating of flexible cord? 


7. A commercial building with grade level access to pedestrians has only one entrance 
intended for the general public. This building is required to provide for the purpose 
of supplying an electric sign: 

A. one outlet located near the entrance on a 30-ampere circuit that serves no other 
loads. 

B. two outlets located near the entrance each on a separate 20-ampere branch- 
circuit. 

C. one outlet locate near the entrance on a 20-ampere branch-circuit and permitted 
to serve other general use receptacle loads. 

D. one outlet located near the entrance on a branch-circuit rated not less than 
15 amperes. 

E. one outlet located near the entrance on a 20-ampere circuit that serves no other 
loads. 

Codereference. 

8. A sign for a commercial building is supplied by a single branch-circuit and is oper- 
ated by an electronic controller that is located separate from the sign. The discon- 
necting means: 

A. is required to be located within sight of the sign and capable of being locked in 
the open position if not in line of sight of any energized part of the sign. 

B. is required to be within the controller, disconnects all power to the controller, 
and capable of being locked in the open position. 

C. is required to be within sight of the controller but not necessarily within sight of 
the sign. 

D. for the sign is required to be located on the sign, which then requires an addi- 
tional disconnecting means for the controller. 

E. is permitted to be a switch or circuit breaker, capable of being locked in the open 
position, and located within sight of the controller. 


Code reference 
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9. A receptacle is situated so that it may be used to supply power to a free standing 
office furnishing partition having electrical wiring and supplied power with a size 
12 AWG extra-hard usage flexible cord. The cord is plugged into a receptacle that 
serves no other load. The maximum permitted distance from the partition to the 
receptacle is: 
A. 12 in. (300 mm). D. 41/2 ft (1.4 m). 
B. 24 in. (600 mm). E. 6 ft (1.8 m). 
C. 36 in. (900 mm). 
Codereference 

10. A single 125-volt, 20-ampere receptacle is installed in the hoistway pit of an elevator 
to supply a permanently installed sump pump. This receptacle: 

shall not require ground-fault circuit-interrupter protection. 

shall be arc-fault interrupter protected. 

is required to be of the ground-fault circuit-interrupter type. 

is required to be ground-fault circuit-interrupter protected. 

is not permitted to be located in an elevator hoistway pit for this purpose. 


moOOm> 


Code reference 


11. The minimum number of duplex receptacles required to be installed in an elevator 
machine room or space is: 


A. none because a single receptacle is permitted. 

B. as many as desired, because no minimum requirement is established. 
C. one. 

D. two. 

E. three. 


Codereference 
12. Eight passenger elevators are powered with motor-generator sets with generator field 
control and rated 30-horsepower, 3-phase, 460-volt continuous duty. In addition to 
this load, the motion-operation controller for each elevator has a continuous load of 
9 amperes. The feeder conductors for the elevators are THWN copper conductors 
with 75°C terminations. The minimum size feeder conductors required to supply this 
elevator load is: 


A. 600 kcmil. D. 800 kcmil. 
B. 700 kcmil. E. 900 kcmil. 
C. 750 kcmil. 


Codereference 
13. Thecontrol for the disconnecting means for the computer room dedicated air-handling 
equipment that is used to ventilate the area under the raised floor of an information 
technology equipment room is required to be located: 
A. at the door considered to be the principal exit for the information technology 
equipment room. 
B. ata centrally located location within the information technology equipment 
room. 
within sight of the information technology equipment room. 
located on the air-handling equipment. 
located within 6 ft (1.8 m) of each exit. 


moo 


Code reference 
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14. Sensitive electronic equipment in a room is supplied 120-volt, single-phase power 
with a technical power system. The equipment is connected to receptacle outlets sup- 
plied by 15-ampere rated circuits. The voltage drop on the feeder from the supply 
transformer to the technical power panel is less than 1% when all equipment is oper- 
ating. The distance from the technical power panel to the receptacles in the elec- 
tronics room is 75 ft (22.86 m). The actual load on the circuits is not known. The 
minimum size copper conductors with 75°C insulation and terminations permitted 
for these technical power receptacle circuits is: (assume K = 12 (0.02)) 

A. 16AWG. C. 12AWG. E. 8AWG. 
B. 14AWG. D. 10AWG. 


Codereference 

15. A 15-kVA single-phase insulating transformer supplies 120-volt technical power to a 

single-phase panel with a 100-ampere main circuit breaker, as shown in Figure 13.27. 

The conductors from the transformer to the panelboard are size 1/0 copper. This 

separately derived electrical system is grounded to the structural steel of the building 

near the location of the panelboard. The minimum size grounding electrode conduc- 

tor permitted for this technical power system is: 

A. 10AWG. C. 6AWG. E. 3AWG. 

B. 8AWG. D. 4AWG. 


Code reference 
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CONDUCTOR SIZE? ———_* 
NEC® 647.6 


Figure 13.27 Determine the minimum size grounding electrode conductor for a technical power system where 
the conductors supplying the panel are size 1/0 AWG copper and the main in the panei is rated 100 amperes. 
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UNIT 14 
special Applications Wiring 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* state the wiring methods permitted for a theater or similar location. 


¢ explain the location of the controls and overcurrent protection for stage lighting outlets 
and receptacles. 


* explain the special requirements for switching lighting and receptacles in a theater 
dressing room. 


* explain the wiring methods permitted to be used in a motion picture or television studio. 


* state the minimum size of wire permitted to supply an arc or xenon projector in a 
motion picture projection room. 


* define an equipotential plane, as related to agricultural building wiring. 

* explain the grounding requirements for water pump on a farm. 

* describe which article of the Code applies to the various types of communications cir- 
cuits that can be installed within a building. 

* describe the separation requirements of various types of communications wires in rela- 
tion to circuit wires for normal light and power. 

* explain the grounding of various types of communications circuits and equipment. 

* answer wiring installation questions relating to Articles 520, 522, 525, 530, 540, 547, 
553, 555, 625, 626, 640, 650, 682, 800, 810, 820, and 830. 


* state at least five significant changes that occurred from the 2005 to the 2008 Code for 
Articles 520, 522, 525, 547, 555, 625, 626, 640, 682, 800, 810, 820, or 830. 


CODE DISCUSSION 


This unit deals with special applications where conditions exist resulting in special requirements for 
wiring installations. Generally, the requirements of the Code apply except for specific requirements of these 
articles. 

Article 520 covers wiring installations in buildings or portions of buildings used as theaters for dra- 
matic and musical presentations and musical and dramatic presentations both indoors and outdoors. This arti- 
cle also applies to portions of motion picture and television studios used as assembly areas. Parts I, Ill and 
VI apply to the fixed wiring in the auditorium stage, dressing rooms, and main corridors leading to the audi- 
torium. The fixed wiring for lighting and power shall be in metal raceway, nonmetallic raceway encased in 
at least 2 in. (50 mm) of concrete, or Type MI Cable, Type MC Cable, or Type AC Cable with an insulated 
equipment grounding conductor. M any runs of wires are required for control of lighting. M any wires will be 
subjected to continuous load at times, but not all wires will be subjected to continuous load at the same time. 
For this reason, the derating factors of 310.15(B)(2) do not apply when there are more than 30 wires in metal 
wireway or auxiliary gutter, as stated in 520.6. 

Dressing rooms of theaters and studios are areas where portable equipment is used, and there are usu- 
ally high lighting levels. The potential for fire is great; therefore, special precautions are taken to minimize 
the chances of fire. Permanently attached open-ended guards are required to be installed around all incan- 
descent lamps that are located less than 8 ft (2.5 m) above the floor, as indicated in 520.72. According to 
520.73, all receptacles located adjacent to a mirror or serving a dressing table countertop are required to be 
controlled by a switch located in the dressing room. In addition, a pilot light must be installed outside of the 


453 
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Figure 14.1 Only the receptacles serving the dressing table counter top and the receptacles located adjacent to 
the mirror are required to be controlled by a switch and the pilot light to indicate when the receptacles are ener- 
gized is located outside the dressing room adjacent to the door. 


dressing room adjacent to the door indicating when the dressing room receptacles are energized. These 
requirements are shown in Figure 14.1. Other receptacle outlets installed in the dressing room, not adjacent 
to a mirror or not serving a dressing table countertop, are not required to be controlled by a switch. 

Part II applies to fixed stage switchboards and the feeders for switchboards. The requirements for 
portable switchboards are covered in PartIV. NEC® 520.23 requires that receptacles intended to supply cord- 
and-plug stage lighting equipment, whether the receptacles are on the stage or located elsewhere, shall have 
their circuit overcurrent protection at the stage lighting switchboard location. Part V applies to portable stage 
equipment, but the receptacles for portable equipment are considered to be a fixed part of the building wiring 
and are covered in 520.45. Any receptacle on a branch-circuit serving performance area may be required to 
carry current at the full rating of the circuit, therefore 520.9 requires all receptacles to have an ampere rat- 
ing not less than the rating of the branch-circuit. The receptacle current limitation of Table210.21(B)(2) does 
not apply to the receptacles serving performance areas. Conductors supplying receptacles shall be sized and 
protected for overcurrent in accordance with the provisions of 310.15 and 400.5. The receptacles for 
connection of equipment shall supply continuous loads not in excess of 80% of the ampere rating of the 
receptacles since the receptacle has the same rating as the circuit overcurrent device. A receptacle outlet is 
permitted to supply a noncontinuous load rated at 100% of the receptacle ampere rating. 

The definition of performance area in 520.2 makes it clear that temporary stage productions, both 
indoors and outdoors, are covered by the rules in Article 520. The rules in Article 525 do not apply 
because they do not consider the unique nature of much of the equipment used for performances. An 
example of a portable performance stage and the equipment commonly used is shown in Figure 14.2. 
These temporary installations, according to 520.10, are required to be supervised and operated by quali- 
fied personnel. 

The power supply for temporary performance equipment is covered in 520.53(H) and frequently 
consists of color-coded individual single-conductor flexible cables with pin-and-sleeve connectors. Portable 
utilization equipment generally requires a 120-volt nominal supply. Power supply feeders are generally 
3-phase, 208Y /120-volt, 4-wire plus an equipment grounding cable. Good grounding is necessary for safety 
and proper operation of electronic equipment. The power supply may also be 208/120-volt, 3-wire plus and 
equipment grounding cable supplied from a 208Y /120-volt source. In this case, it is important to note that 
neutral current can be significant according to 310.15(B)(4)(b). Feeders can also be connected to a single- 
phase source and supplied 120/240-volt, 3-wire plus an equipment grounding cable. 
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Figure 14.2 A temporary performance stage is generally supplied power with single-conductor feeder cables 
with the main power run to amplifiers and lighting dimmers where the main power-carrying conductors are con- 
fined to the stage area. 


Article 522 provides rules for the installation of control systems for permanently installed amusement 
attractions such as would be found at a theme park. In the past, this control wiring was treated as Class 1, 
Class 2, or Class 3 wiring using the rules of Article 725, which did not always fit the application. One of the 
issues is that often the source for the control circuit has a higher power requirement than is permitted by 
Article 725. Overcurrent protection for these circuits is covered in 522.10 where non-interchangeable fuses 
are required for most applications. A nother issue is wire size. Depending upon the application, wire sizes are 
permitted to be as small as 30 AWG copper. M etals other than copper are permitted for applications such as 
sensors, 522.20. The maximum permitted ampere rating of these conductors is given in Table 522.22. 
Conductors are required to be insulated and may be solid copper or stranded. No minimum insulation volt- 
age rating is specified because of the wide range of voltages utilized, but the insulation voltage rating would 
need to be adequate for the application. Maximum voltage as stated in 522.5 is 150 volts ac to ground and 
300 volts dc to ground. M ultiple control circuits, whether ac or dc, are permitted to share the same raceway, 
cable, cable tray, or enclosure, 522.24(A). 

Article 525 deals with wiring of a temporary nature, installed in adverse conditions, where the public 
is exposed to the temporary wiring and equipment supplied. This article deals with electrical power for 
equipment at carnivals, circuses, fairs, and similar events. Article 590 does not adequately cover the condi- 
tions that exist at these events. NEC® 525.5(B) specifies the clearances of overhead wires from amusement 
rides and attractions. For example, a horizontal clearance of not less than 15 ft (4.5 m) must be maintained 
from amusement rides or attractions to overhead conductors as illustrated in Figure 14.3. NEC® 525.21(A) 
requires a disconnecting means for the power to all rides to be located within sight and not more than 6 ft 
(1.8 m) from the operator's location. Flexible cords and cables shall be listed for extra-hard usage, wet loca- 
tions, and be sunlight-resistant, 525.20(A). W here accessible to the public, flexible cords and cables shall be 
covered by approved nonmetallic mats. Receptacles shall have overcurrent protection that does not exceed 
the rating of the receptacle, 525.22(C). Receptacles rated 15 or 20 ampere, 125 volts and used by personnel 
shall have ground-fault circuit-interrupter protection. Grounding and bonding are covered in Part IV, which 
essentially complies with Article 250. It is pointed out that the grounded-circuit conductor and the equipment 
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Figure14.3 Overhead conductors are required to be kept at least 15 ft (4.5 m) horizontally from rides and attrac- 
tions and a disconnect is to be located within sight and not more than 6 ft (1.8 m) from the operator’s location. 


grounding conductor are to be maintained separate on the load side of the service disconnecting means or 
the separately derived system, 525.31. In Article 590, 90 days is generally defined as the maximum length 
of time permitted for temporary wiring. There is no time limit for wiring to equipment at carnivals, circuses, 
fairs, and similar events. 

Article 530 applies to buildings or portions of buildings used as studios, using motion picture film or 
electronic tape more than 7/8 in. (22 mm) in width. This article also applies to areas where film and tape are 
handled, or where personnel are working with the film or tape for various purposes. An area for an audience 
is not present in the facilities covered by this article. The same requirements as for a theater, as covered in 
Article 520, should be applied. This article contains special requirements for areas where quantities of highly 
flammable materials, such as motion picture film and electronic recording tape, are present. The permanent 
wiring in stage and set areas shall be Type MC Cable, Type MI Cable, Type AC Cable with an insulated 
equipment grounding conductor, or approved raceway. The authority having jurisdiction will decide what 
wiring methods are approved. Generally, metal raceway wiring is the approved method for raceway wiring. 

Article 540 deals with the wiring for motion picture projector rooms. NFPA standard, number 40 
provides additional information about the storage and handling of cellulose nitrate motion picture film. This 
material is highly flammable; therefore, special requirements are placed on the wiring of projection rooms. 
Local building codes will provide additional information as to which areas are considered part of the pro- 
jection room. For example, a film rewinding room would be considered part of the projection room because 
it opens directly into the projection room. 

Article 547 covers the wiring of agricultural buildings where excessive dust, dust with water, or corro- 
sive atmospheres are present. Buildings in agricultural areas in which these conditions are not present are per- 
mitted to have the wiring installed according to the requirements elsewhere in the Code. Conditions on farms 
are extreme. Wiring is generally exposed to a wide variation in temperature which causes expansion and con- 
traction as well as temperature differences that can lead to condensation. The wiring may be exposed to severe 
physical abuse from impact, rubbing, and chewing. The conditions are often corrosive. High humidity is 
common, and frequently portions of the wiring is exposed to standing water and animal waste. 
NEC® 547.5(A) covers the wiring methods permitted in an agricultural building that preferably are Rigid 
Nonmetallic Conduit or Type UF Cable. Other materials frequently used are Liquidtight Flexible Nonmetallic 
Conduit, copper SE Cable, and jacketed Type MC Cable. Equipment grounding in damp and wet locations 
that often exist on farms requires effective equipment grounding. NEC® 547.5(F) requires a separate copper 
equipment grounding conductor run with the circuit conductors to all noncurrent-carrying metal parts of 
equipment, raceways, and other enclosures requiring grounding. Whenever this copper equipment grounding 
conductor is run underground, it is required to be insulated or covered. 

Boxes and enclosures installed in areas where there is excessive dust or damp and wet conditions or 
corrosive conditions are required to be corrosion resistant, weatherproof, and designed to prevent the 
entrance of dust as stated in 547.5(C). Nonmetallic boxes are generally ideal for these applications such as 
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Figure 14.4 Nonmetallic weatherproof boxes with watertight connectors and Type UF Nonmetallic C able will 
help to prevent corrosion of the wiring and moisture from entering the wiring. Courtesy of Consumers Energy, 
Jackson, MI. 


the weatherproof switchbox shown in Figure 14.4. The connector is of a type that is made for Type UF Cable 
and is watertight and dusttight. NEC® 547.5(C)(1) requires boxes to be mounted in such a manner that holes 
are not drilled in the back of the box. The box in Figure 14.4 is constructed for external mounting. M otors 
used in these areas shall be totally enclosed or designed to minimize the entrance of dust particles and mois- 
ture. Luminaires (lighting fixtures) in agricultural buildings shall be a type that minimizes the entrance of 
dust, moisture, and other foreign material. 

Receptacles installed in agricultural areas that are rated 15- or 20-ampere, 125-volts and intended for 
general use are required to be ground-fault circuit-interrupter protected. This rule applies to all buildings and 
areas that have equipotential planes, all outside locations, damp or wet locations, and dirt confinement areas 
for livestock. 

Farms consist of a group of buildings frequently including one or more dwellings. The typical manner 
for distributing power to a farm is to a centrally located distribution point, which is defined in 547.2. From 
the distribution point, power is extended to the various buildings either overhead or underground, or a com- 
bination of both. Minimum requirements for the distribution point equipment are explained in 547.9(A). A 
means of disconnecting all ungrounded conductors to the buildings is required and called the site-isolation 
device. The grounded service conductor is required to be connected to a grounding electrode at the distribu- 
tion point site-isolation device in accordance with the rules in Article 250. The site-isolation device can be 
provided by the serving utility or the property owner. Overcurrent protection at the distribution point is 
optional, unless supply to the buildings is underground. 

Overcurrent protection at the distribution point site-isolation device is not always required. There can 
also be one large disconnect with a single overcurrent device sized to the entire farm load. The site-isolation 
device may be a double-throw standby generator transfer switch with an off position and sized for the total 
farm load. The conductors to the individual buildings are permitted to be run as outside feeders according to 
240.21(B)(5) ending at an overcurrent device sized not more than the ampere rating of the feeder. Only over- 
head feeder conductors to the individual buildings are permitted to be installed in this manner according to 
547.9. Using this procedure, the rules of installation are found in 547.9(B). It is only permitted to ground the 
neutral conductor at each building disconnect for cases where the feeder supplies existing buildings, 
250.32(B) Exception. For new buildings, it is required to run a separate equipment grounding conductor with 
the feeder to the building, in which case the neutral is not grounded at the building disconnect This proce- 
dure is explained in 250.32(B), described in Unit 5, and illustrated in Figure 5.5 and Figure 14.6. 

The conductors from the central distribution point may have individual disconnecting means and over- 
current protection, in which case the conductors to the buildings are treated as feeders and installed accord- 
ing to Part II of Article 225 and grounded in accordance with 250.32(B). If the conductors to the buildings 
are run underground, then 547.9 requires an individual disconnect with overcurrent protection at the supply 
end of the feeder. W hen the conductors are run overhead, as shown in Figure 14.5, only a site-isolation device 
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Figure 14.5 Disconnecting means must be provided at the electrical distribution point on a farm. 


is required at the central distribution point, and overcurrent protection is provided at the individual buildings. 
The procedures of 547.9(B) are required, which in paragraph (3) directs the installer to size the equipment 
grounding conductor not smaller than the largest ungrounded conductor. 

The neutral conductor of a grounded electrical system carrying electrical current will usually have a 
measurable voltage from the neutral conductor to a ground rod driven into the earth in an isolated location. 
This is called neutral-to-earth voltage. The term stray voltage describes the condition where a neutral- 
to-earth voltage can be measured between points with which livestock may make contact, such as from 
a watering device in the barn to the concrete floor. A source of this stray voltage is the neutral wire of the 
feeder to a farm building. This article of the Code requires that the neutral of the feeder to a new building 
be run separate from and insulated from, the equipment grounding conductor to the building. This procedure 
will prevent the neutral-to-earth voltage from the feeder neutral from getting to the areas where an animal 
may make contact. This is accomplished by running four wires to a farm building in the case of a single- 
phase, 120/240-volt feeder. An equipment grounding terminal is installed at the building service panel, which 
is separate from the neutral terminal, as shown in Figure 14.6. 

It is extremely important to note that when the neutral conductors and the equipment grounding con- 
ductors are separated in a building, an equipment grounding conductor must be run from that building back 
to the source of power. That source of power may be another building or it may be a center distribution pole. 
Simply grounding the equipment grounding bus to the earth and not running the equipment grounding bus 
back to the main source of power is a violation of 250.4(A)(5). The earth is not permitted to be the only 
equipment grounding conductor. 

Electrical wiring in agricultural buildings often is subject to physical damage and corrosive conditions. 
NEC® 547.5(F) requires that a copper equipment grounding conductor be run for all circuits even when run 
in metal conduit. This is to ensure that noncurrent-carrying parts of equipment will remain grounded even in 
the harsh environments found in agricultural areas. NEC® 250.112(L) and (M) require that a water pump 
installed on a farm be grounded. There is an additional requirement that in the case of a submersible water 
pump, as shown in Figure 14.7, a metal well casing shall be bonded to the pump equipment grounding 
conductor. 

Another requirement of some agricultural buildings is that an equipotential plane shall be installed. 
Rules for installing an equipotential plane are covered in 547.10. This equipotential plane shall be bonded to 
the grounding electrode system of the building. By bonding all metal objects in an animal confinement area 
together and then bonding the metal to the service grounding electrode system, an animal is not exposed to 
stray voltage in that confinement area. This article requires that an equipotential plane shall be bonded to the 
building grounding electrode system. An equipotential plane in a milking parlor is illustrated in Figure 14.8. 
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Figure 14.6 The equipment grounding conductor for a feeder on a farm is permitted to be run separated from 
the grounded circuit conductor and is required when there is a metal connection between buildings such as a 
water pipe. 


Article 553 covers the wiring of an electrical service to floating buildings. A floating building is a 
structure moored in a permanent location, provided with electrical wiring, and permanently connected to an 
electrical system not associated with the floating building. The service equipment is not permitted to be 
located on or in the floating building. It shall be located adjacent to the building location. The equipment 
grounding conductor shall be run separate from the insulated neutral conductor. The equipment grounding 
conductor and the neutral conductors shall be maintained separate throughout the wiring system and equip- 
ment of the floating building. This is similar to the separation of neutral and equipment grounding conduc- 
tor illustrated in Figure 14.6. 
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Figure 14.7 A water pump on a farm is required to be grounded and a metal well casing is required to be bonded 
to the equipment grounding conductor for a submersible pump. 
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Figure 14.8 The installation of metal mesh in the floor connected to all exposed metal forms an equipotential 
plane that helps prevent animals from being exposed to stray voltage. C ourtesy of Consumers E nergy, J ackson, MI. 


Article 555 covers the wiring of marinas and boatyards where electrical power is used on fixed or float- 
ing piers, wharfs, and docks, and where power from these structures supplies shore power to boats and float- 
ing buildings. A receptacle outlet intended to supply shore power to a boat shall be of the grounding and 
locking type.A receptacle outlet with a minimum rating of 30 amperes shall be provided for boats. If a recep- 
tacle rated at 15 or 20 amperes supplies 120-volt power for general use on the pier, ground-fault circuit- 
interrupter protection shall be provided. Wiring methods and grounding are covered. Extra-hard usage cord 
is permitted to be used as a feeder along the pier provided it is listed for use in wet locations and is marked 
as sunlight-resistant. Extra-hard usage cord also can be used as a feeder to floating docks and similar struc- 
tures. But the electrical service is not permitted to be located on the floating dock. The limits of the classi- 
fied hazardous location near gasoline dispensers are found in 555.21. The wiring within these classified areas 
shall be as required in Articles 501 and 514. 

It is important to determine the electrical datum plane in order to locate receptacles and other electri- 
cal enclosures and to make connections. The electrical datum plane is defined in 555.2. For a shore area on 
a body of water where there are tides, the electrical datum plane is a horizontal plane that is 2 ft (600 mm) 
higher than the normal high tide for the area. If the body of water is not subject to tides, then the electrical 
datum plane is a horizontal plane that is 2 ft (600 mm) higher than the normal water level. In the case of a 
floating dock or pier, the electrical datum plane of the dock or pier is 30 in. (750 mm) above the water level 
as illustrated in Figure 14.9. 

Article 625 deals with the wiring and equipment external to a vehicle used for charging of electric vehi- 
cles. NEC® 625.5 specifies that all materials and equipment shall be listed for the purpose. Specifications for 
the connection to the electric vehicle are covered in Part II. Electric vehicle charging loads are to be consid- 
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Figure 14.9 The datum plane must be established for a marina before the location of receptacles and other 
equipment can be determined. 


ered continuous loads, 625.14. Electric vehicle supply cable shall be a type with the letters EV as stated in 
625.17 or a type listed as being suitable for the purpose. Basically this is a cable suitable for hard-usage 
and wet locations. The electric supply equipment for the vehicle shall have a listed shock protection sys- 
tem for personnel. It shall also have a ground-fault protection system that will disconnect power to the 
equipment at a level less than required to operate the circuit or feeder overcurrent device, 625.22. A min- 
imum ground-fault level is not specified. NEC® 625.23 requires a disconnecting means capable of being 
locked in the open position when the equipment is rated more than 60 amperes or more than 150 volts to 
ground. 

Attached and detached residential garages are included in the rules for supply to electric vehicle charg- 
ing equipment. NEC® 625.29(C) provides specifications for ventilation. The batteries will give off vapors 
during charging that can create a hazard if not vented. Ventilation is not required where nonvented storage 
batteries are utilized. When vented batteries are used, such as deep discharge lead-acid batteries, ventilation 
is required when charging is in a closed garage. NEC® 625.29(D)(2) gives a formula for determining the 
required ventilation rate. The gas expelled from the batteries during charging is hydrogen, which will rise to 
the ceiling. A ventilation system for an electric vehicle garage with a charging system is illustrated in 
Figure 14.10. Systems for charging electric vehicles shall have provisions to disconnect power in the event 
of loss of normal power as stated in 625.25. 

Article 626 provides installation requirements for electrified truck parking spaces. In the interest of 
curbing sources of air pollution and atmospheric carbon emissions that contribute to global warming, changes 
are occurring with the long-haul trucking industry. Laws mandate minimum rest time for truck operators, and 
those rest periods are generally spent in the truck cab or sleeper unit. Power is needed for heating, air- 
conditioning, and lighting as a minimum, and power for computers and some appliances is also desirable. 
Generally, power for these services is provided by idling the truck engine. It is not uncommon to consume 
10 gallons of fuel or more per rest period. About 10% of truck trailers transport perishable products that 
require refrigeration. Transport refrigerated units (TRUs) are usually powered with a compression-ignition 
engine, which also must operate during a rest period. Truck stop electrification (TSE) equipment is rapidly 
becoming available to provide electrical power for these tasks so that on-board engines are not needed during 
the resting periods. Long-haul trucks are being produced and retrofitted for connection to electrical power sup- 
ply units at truck stops. This Article provides the basic requirements for the installation of electrical power 
supply for the truck and transport refrigerated units. This Articlehas been coordinated with manufacturers of 
truck stop electrification equipment to bring about conformity of equipment across the United States, Canada, 
and M exico. 
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Figure 14.10 Vented batteries in electric vehicles require ventilation when charging occurs in a closed garage. 


Electrical systems for supply to the truck are found in 626.10. Single-phase, 3-wire power is provided to 
the truck, but it is permitted to originate from a 120/240-volt single-phase system or from a 208/120-volt 
3-phase system. Demand information for determining the size of feeders to the individual parking sites is found 
in 626.11. Receptacle configurations and ratings along with wiring requirements are provided in Part III. 
Typical service to the truck is from a ground-level pedestal or from an overhead gantry. The overhead gantry 
system is used with heating, and air-conditioning is provided by a unit at the parking site rather than using the 
on-board heating and air-conditioning equipment, which requires engine power for operation. R equirements for 
supplying power to a trailer refrigeration unit are provided in Part IV. The refrigeration unit may have dual 
power sources (engine and electric motor), or it may have an electric motor that is either powered by an 
on-board engine-generator set or off-board power supply at the parking site. 

Article 640 applies to the wiring of sound recording and sound reproduction systems, such as public 
address systems, and it even applies to sound reproduction systems of electronic organs. The power wiring to 
the components of a system follow the rules of the Code that apply to the particular type of wiring or type of 
conditions. The wiring of the amplifier output and similar wiring shall follow the requirements of Article 725 
for Class 2 or Class 3 wiring, whichever applies. When not more than 30 wires are installed in wireways or 
auxiliary gutters, ampacity derating factors do not apply, and the cross-sectional area of the wires is permit- 
ted to fill up to 20% of the cross-sectional area of the wireway or auxiliary gutter. 

Audio distribution cables are required to be secured to the structure of the building in such a manner 
that they will not obstruct normal building operations. These cables are required to be installed according to 
300.4 and 300.11. They are not permitted to be placed on a suspended ceiling. These cables are permitted to 
be supported by ceiling tie wires that have been installed in addition to the ceiling grid support wires. 
Accessible portions of abandoned audio distribution cables, according to 640.3(A), are required to be 
removed. 

Article 650 applies to the circuit wiring for the keyboard of an electrically operated pipe organ and to 
the controls of the sounding devices. The wiring of electronic organs is to be done following the require- 
ments of Article 640. The energy source for electrically operated pipe organs is not permitted to exceed 
30 volts and shall originate from a self-excited generator, a rectifier supplied from a two-winding trans- 
former, or a battery. When a motor-generator set is used, the bonding is important to prevent the 120- or 
240-volt supply voltage from getting onto the generator output circuit wires which are limited to not more 
than 30 volts. Either the generator shall be effectively insulated from the motor or they shall be bonded 
together. The conductor size, insulation, overcurrent protection, and installation of the wiring operating not 
over 30 volts are specified in this article. 

Article 682 provides rules for the safe installation of electrical wiring and equipment in or associated with 
natural and artificially made bodies of water. Other than electrical equipment installed in lakes, ponds, rivers, 
and streams, this article includes electrical equipment installed in such artificially made bodies of water as aer- 
ation ponds, fish farm ponds, storm retention basins, treatment ponds, and irrigation channels. K ey factors are 
location of equipment and connections above a level where water may enter enclosures. The datum plane must 
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be determined in order to locate equipment. The rules for establishing the datum plane are obvious in many sit- 
uations, and not so obvious for other bodies of water. The rules for establishing the datum plane are the same 
as used in Article 555 for marinas. The disconnect required for the equipment in or on the water is required to 
be not closer than 5 ft (1.5 m) from the shore or edge of the water. Equipment and connections not rated to be 
submersible are required to be located not less than 12 in. (300 mm) above the datum plane. 

Another aspect of electrical installations associated with electrical equipment in bodies of water is the 
potential for a person experiencing voltage differences between grounded equipment and the earth. This 
equipment ground-to-earth voltage is experienced by personnel in the form of step and touch voltages. A per- 
son standing on the wet earth and touching metal equipment can experience a touch voltage high enough to 
receive a mild shock. If the equipment is damaged and is faulting to the earth or water, a serious shock haz- 
ard can result. Ground-fault circuit interrupter protection is required in 682.33(B) for single-phase equipment 
operating at 120 volts, 208 volts, or 240 volts and protected by a circuit rated not over 60 amperes. For other 
circuits, GFCI protection is not required. To protect personnel from potentially dangerous step and touch 
voltages, an equipotential plane is required to be installed at exposed metal equipment such as the discon- 
nect as shown in Figure 14.11. Specifications are not given in the Code for the illustration of the equipoten- 
tial plane. The equipotential plane can be bare copper wires forming a grid beneath the ground surface, or 
concrete reinforcing steel mesh can also be used. Covering the area with crushed stone helps keep the stand- 
ing surface dry. The equipotential plane is required to extend 3 ft (900 mm) beyond the normal standing area 
of personnel operating or maintaining the equipment shown in Figure 14.12. The equipotential plane is 
required by 680.33(C) to be connected to the equipment grounding conductor of the equipment using a cop- 
per wire not smaller than size 8 AWG. The connection to the equipotential plane is required to be by means 
of exothermic welding or a listed pressure connector. 

Article 800 deals with the installation of communication circuits, such as telephone wiring within a 
building. NEC® 800.1 provides a description of the types of communications circuits covered by this article. 
Some important terms are described in the FPN to 800.90(A). Part III of the article deals with the require- 
ments for the installation of a primary protector on the communications circuit at or near the point of entry 
to a building or structure. Point of entry is defined in 800.2. The minimum grounding requirements at the 
primary protector are covered in 800.100. In the case of a mobile home, the primary protector is permitted 
to be grounded at the grounding electrode of the mobile home service or disconnecting means, which may 
be up to 30 ft (9 m) from the mobile home. The grounding requirements at the primary protector when a 
grounding means is not available are illustrated in Figure 14.13. 
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Figure14.11 A disconnect is required for equipment located on or in a body of water with an equipotential plane 
installed in the earth around the disconnect to protect personne! from touch and step voltages. 
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Figure 14.12 An equipotential plane is required to be provided around a disconnect or service supplying power 
to equipment installed on or in a body of water of a natural or artificially made body of water. 
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Figure 14.13 The grounding electrode for communication equipment is permitted to be a rod or pipe not less 
than 7/2 in. (12.7 mm) in diameter and a minimum of 5 ft (1.5 m) in length where there is no grounding means in 
the building. 


Part V provides the requirements for the installation of communications cables on the inside of buildings. 
It should be noted the requirements of 300.22 are followed when these cables pass through areas where envi- 
ronmental air is contained. The installation of communication conductors outside and entering buildings is cov- 
ered in Partll.A local jurisdiction may have special rules different from the Code. Communications cables used 
for wiring in buildings are required to be marked as communications cable or a substitute listed in 800.154(E) 
or Figure 800.154(E). The listings and markings of cables for inside installation are covered in 800.179. The 
grounding of the communication equipment, communication cable sheath, and the protector is covered in Part 
IV. There is a provision in 500.24 that requires that communications systems be installed in a neat and work- 
manlike manner. Also, raceway is not permitted to be used as means of support for communications cables 
because the conduit is not considered part of the building structure. This is illustrated in Figure 14.14. 
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Figure 14.14 Communication cables are not permitted to use raceways as means of support. 


Article 810 deals with radio and television receiving equipment and receiving and transmitting equip- 
ment used in amateur radio. A point of emphasis is the avoidance of contact between the normal electric cir- 
cuits for light and power and the antenna and wiring of the radio or television lead-in circuits. The normal 
power circuits for equipment shall follow the provisions of the appropriate portions of the Code. Specific 
clearances are given in the article for inside and outside installations. These requirements must be studied 
carefully before making an installation. 

Article 820 covers the installation of coaxial cable for community antenna distribution systems for 
radio and television. Cables used for these purposes shall be listed for use as community antenna television 
cable, Type CATV. NEC® 820.154 lists the specific cable markings required for particular installations. The 
requirements for installation of the various cable types are covered in 820.113 and 820.179. The clearances 
of outside conductors are given in Part II. The grounding of the cable, protector, and equipment shall be done 
following the provisions of Part IV. 

Article830 covers wiring requirements for network-powered broadband communications systems. The 
FPN to 830.1 provides some insight into these systems. Broadband data communication uses a modem to 
introduce carrier signals onto the transmission system. The carrier signals are modulated by a digital signal. 
Broadband systems can be subdivided into multiple carrier signals, each carrying a different digitized sig- 
nal. Broadband operates at the high end of the radio range with frequencies generally between 10 megahertz 
and 400 megahertz. M ultiple carrier signals each transporting a digital signal can operate simultaneously, 
thus allowing large quantities of digital data to be transported. Teleconferencing including audio, video, and 
data communication is made possible with a broadband communication system. 


MAJ OR CHANGES TO THE 2008 CODE 


These are the changes to the 2008 NEC® that correspond to the Code sections studied in this unit. The 
following analysis explains the significance of the changes from the 2005 to the 2008 Code only and this 
analysis is not intended to be used in place of the Code. Refer to the actual section of the 2008 Code for the 
exact wording and meaning of each section discussed. Changes are indicated in the Code with a vertical line 
in the margin. If material was deleted or moved to another location in the Code, the location of the deletion 
is indicated with a dark dot in the margin. 


Artide520 Theaters, Audience Areas of M otion Picture and Television Studios, Performance Areas, 
and Similar Locations 


520.2: Solid-state phase-control dimmer is a new definition, but existing equipment is used generally for 
the control of stage and room lighting. The current is considered a non-linear load with respect to the 
voltage. This equipment is frequently supplied from a 3-phase, 4-wire, 208/120-volt feeder, and the 
neutral is required to be considered a current-carrying conductor because even when phase loads are 
balanced there will be a significant current on the neutral. 

520.2: Solid-state sine-wave dimmer is a new definition of a fairly new lighting control device. With this 
equipment, the output current is considered to be linear with respect to the input voltage, and the phase 
currents do combine on a common feeder neutral to result in very little neutral current. The result is that 
feeders supplying these devices are not required to consider the neutral a current-carrying conductor. 
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520.27(B): The previous edition of the Code considered feeder neutral conductors supplying 3-phase, 4-wire 
solid-state dimmers to be a current-carrying conductor. Now, if a feeder is installed to supply a solid- 
state dimmer that is of the 3-phase, 4-wire, 208/120-volt sine-wave type, the feeder neutral is not 
required to be considered to be a current-carrying conductor. If the dimmer is of the phase-control type 
or if the dimmer type is not known, then the 3-phase, 4-wire neutral is to be considered to be a current- 
carrying conductor. 

520.51: This section specifies the wiring to the portable switchboards and power distribution equipment that 
is likely to supply solid-state dimmers. The previous edition of the Code required the neutral of a 
3-phase, 4-wire feeder to be considered a current-carrying conductor. Now, the rules of 520.27(B) 
apply, which means in some cases the feeder neutral may not be required to be considered a current- 
carrying conductor. See also the discussion of the change to 518.5in Unit 13. 

520.53(0)(2): This section provides rules for feeders to supply equipment on performing stages and the con- 
struction of the switchboard equipment itself. The change is with respect to the sizing of the feeder 
neutral conductor. The previous edition of the Code required the neutral to be a current-carrying con- 
ductor in all cases where a solid-state dimmer was to be supplied. If a feeder supplies a solid-state 
sine-wave dimmer, the neutral conductor of a 3-phase, 4-wire, 208/120-volt feeder is not required to 
be considered a current-carrying conductor for the purposes of ampere rating adjustment. 

Portable stage equipment with solid-state dimmers are often supplied with feeders consisting of sin- 
gle conductor cables. For a 208/120-volt, 3-phase, 4-wire feeder, it takes five single cables, three phase 
conductors, a neutral, and an equipment grounding cable. These are large-size, multi-stranded flexible 
cables with pin-and-sleeve connectors for this application. Run as separate cables in the open across a 
flat surface exposed to free air movement, these cables generally are not subject to overheating, and 
ampere rating adjustment is not a factor, except in the case of the neutral, which usually carries sig- 
nificant current because it is supplying only phase to neutral loads when feeding a solid-state dimmer 
and harmonic currents are usually present. This is why the neutral is required to have an ampere rat- 
ing of 130% of the phase-conductor ampere rating when single-conductor cables supply a solid-state 
dimmer. When installed in raceway, all of the conductors are subject to an ampere rating adjustment. 
The change in this section is that in the case where the neutral is run as a single conductor and is sup- 
plying a solid-state sine-wave dimmer, the ampere rating of the neutral is permitted to be the same 
(100%) as the phase conductor ampere rating. 


Artide522 Control Systems for Permanent Amusement Attractions 


522.1: This is anew Article dealing with power sources and control circuit wiring for permanently installed 
amusement attractions. There are some unique applications that are not covered in the Code, which in 
the past generally used Article 725 as the standard for this control wiring. This Articlesets some basic 
limits for the wiring of these control systems. 

522.5: Voltages on control circuits for permanent amusement attractions is limited to 150 volts to ground ac 
and 300 volts to ground dc. 

522.7: These control systems are accessible only to qualified personnel. 

522.10(A ): The rated output of a power-limited source is not permitted to exceed 1000 volt-amperes with a 
maximum of 30 volts. For a Class 2 circuit, the limit is 100 volt-amperes. 

522.10(A )(2): For a power-limited source other than a transformer, overcurrent protection is required to be pro- 
vided. The overcurrent protection is not to exceed 167% of the power source current rating determined 
by dividing the power-source volt-ampere rating by the rated output voltage. Type S non-interchangeable 
fuses shall be used to protect the output of these power sources. 

522.10(B ): Non-power-limited sources do not have a maximum volt-ampere limitation, but they do have a 
maximum limitation of 300 volts. This section does not specify whether the 300 volts is line-to-line or 
line-to-ground. 

522.10(B)(2): All non-power-limited sources are to be protected from overcurrent with devices that have a 
rating not exceeding 125% of the volt-ampere rating of the source divided by the maximum output 
voltage of the source. These overcurrent devices are to be Type S non-interchangeable. There is no 
exception to permit rounding up to the next standard size. 

522.20: Control conductors are to be stranded or solid copper and insulated. Exceptions are busbars, slip 
rings, and special purpose devices such as thermocouples that measure temperature, and resistive ther- 
mal devices (RTDs) that also measure temperature. 

522.21: Control conductors are permitted to be sizes 30 AWG and larger with the maximum permitted 
ampere rating of the conductors listed in Table 522.22. Conductor sizes smaller than 26 AWG are only 
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permitted within enclosures and control stations. If a part of a listed cable assembly is run outside 
enclosures, the conductors are not permitted to be smaller than 26 AWG. If run outside enclosures as 
individual conductors, the minimum size is 18 AWG. 

522.23: Conductors are required to be provided with overcurrent protection not exceeding their ampere 
rating, as given in Table 522.22 or Table 310.16. 

522.24(A ): Multiple control circuits are permitted to share the same raceway, cable tray, cable, or enclosure 
whether ac or dc. 

522.24(B): Control circuits are permitted to share the same cable, raceway, cable tray, or enclosure with 
power wires that are functionally associated. 


Artide525 Carnivals, Circuses, Fairs, and Similar Events 


525.2:A definition of portable structure was added that includes amusement rides, attractions, tents, trailers, 
and even trucks. The previous edition of the Code made reference to amusement rides and attractions, 
which was a narrower category than portable structures. 

525.5(B): This section specifies minimum clearances for overhead conductors. The previous edition of the 
Code only mentioned amusement rides and attractions, and the term portable structures includes a 
much broader range of equipment for which minimum overhead clearances must be maintained. 

525.11: The previous edition of the Code stated that for portable structures supplied from separate electrical 
supplies and located less than 12 ft (3.7 m) apart, the electrical systems were required to be bonded to 
the same grounding electrode system. Now, the requirement is that the separate equipment grounding 
conductors are to be bonded together at the portable structures as shown in Figure 14.15. Further, the 
bonding conductor is to be copper and sized using Table 250.122 based upon the highest rated over- 
current device serving the portable structures. The minimum size in any case is 6AWG. 


Artide547 Agricultural Buildings 


547.5(G): The previous edition of the Code requires every general-purpose receptacle supplied by a 15- or 
20-ampere, 125-volt branch circuit to be provided with GFCI protection. If such a receptacle is pro- 
vided at a location for specific-purpose equipment, it was not to be considered a general-purpose recep- 
tacle. The change is that now a receptacle supplied from a 15- or 20-ampere, 125-volt circuit that is 
accessible and provided for a specific load is permitted to have GFCI protection omitted only if there 
isaGFCl protected receptacle located within 3 ft (900 mm). 

547.9: A new sentence was added to make it clear that the electrical distribution point that supplies power to 
agricultural buildings is also permitted to supply power to other buildings on the same premises that 
are not considered to be agricultural buildings, as described in 547.1. Examples would be a dwelling, 
shop, or machine storage building. 

547.9(A )(10): A site-isolating device is located at a central electrical distribution point and consists of a dis- 
connect switch or a transfer switch that serves both as a disconnect and as a connection to an optional 


525.11 IF SEPARATE 
POWER SOURCES, POWER SOURCE 
BOND WITH MINIMUM 

6 AWG COPPER IF 

LESS THAN 12 FT APART 


AMUSEMENT 
ATTRACTION 


/\\| 

AM usemen\// 
ATTRACTION 

LESS THAN 
12 FT (3.7 M) 


Figure 14.15 When two portable structures such as amusement rides are supplied from separate power sources 
and located less than 12 ft (3.7 m) from each other, a bonding jumper is required to be run between the equip- 
ment grounding conductors supplying each portable structure and sized not smaller than 6 AWG copper. 
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Figure 14.16 The disconnecting means at the central distribution point serving agricultural buildings is 
known as the site-isolating device, and it is now required to be labeled on the front of the enclosure as the site- 
isolating device. 


standby power system. Overcurrent protection is not required to be part of or located adjacent to the site- 
isolating device. The change is that this site-isolating device is now required to be marked to identify it 
as the site-isolating device, such as shown in Figure 14.16. This can be in the form of a label on the front 
of the enclosure that will withstand the elements. 

547.9(B )(3): Supplying electrical power to buildings from a central distribution point with a site-isolating 
device is considered similar to supplying power from one building to another on the same premises. The 
rules for installing those feeders is found in 250.32, is described in detail in Unit 5, and is illustrated in 
Figure 5.5. The previous edition of the Code permitted feeder neutral to also serve as the equipment- 
grounding conductor and in such a case was required to be bonded to the building disconnect enclosure 
and to a grounding electrode at the second building. According to 250.32, that procedure is no longer 
permitted, except for existing buildings. T his change means that feeders to new buildings require a sep- 
arate neutral conductor and equipment-grounding conductor. The neutral conductor is not permitted to 
be bonded to the second building disconnect enclosure and not permitted to be connected to a ground- 
ing electrode, as illustrated in Figure 14.6. The equipment-grounding conductor is required to be con- 
nected to a grounding electrode. The feeder neutral is permitted to serve as the equipment-grounding 
conductor only for existing buildings. 

547.9(E): In the case where the site is served with more than one type of electrical service and those services 
are located not more than 500 ft (150 m) apart, a directory is required to be provided at each service to 
indicate the location of any other service disconnecting means. An example may be a farm served with 
120/240-volt, single-phase power from a central distribution point, and also a separate 3-phase service 
to one or more buildings. 


Artide555 Marinas and Boatyards 


555.9: Conductor splices in conductors are now permitted below the datum plane and above the water line where 
made in approved junction boxes using sealed wire connector systems identified for submersion. 

555.21(B): Previous editions of the Code did not provide specific dimensions for the classification of haz- 
ardous areas near fuel dispensers. Reference was made to Article 514 and NFPA document 303. Now, 
there are specific dimensions that describe the classified areas. One case is a dock, pier, or wharf that 
is solid to the waterline with no open space underneath between the dock, pier, or wharf and the water- 
line. In this case, the Class |, Division 2 area is that area within 18 in. (450 mm) horizontally of the 
edge of the dispenser and the area up to 18 in. (450 mm) above the surface of the dock, pier, or wharf 
extending out from the dispenser a distance of 20 ft (6 m). The other case is where there is open space 
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between the bottom of the dock, pier, or wharf and the waterline. In that case, the Class |, Division 2 
area is measured to a height of 18 in. (450 mm) above the surface of the dock, pier, or wharf and 
extending out from the dispenser a distance of 20 ft (6 m). If the 20 ft (6 m) distance extends out over 
the water, then the Class 1, Division 2 area extends down to the waterline. A ny depression, pit, or chase 
located in the dock, pier, or wharf within the Class |, Division 2 area where flammable vapors may 
accumulate is considered to be a Class !, Division! area. T here are some exceptions that apply to dock, 
pier, and wharf sections that may join these areas in such a manner that flammable vapors will not 
accumulate, and thus they are considered unclassified areas. 


Artide 625 Electric Vehicle Charging System 


625.23: In the case of an electric vehicle charging system rated more than 60 amperes or more than 150 volts 
to ground, the disconnecting means is required to be in a readily accessible location and capable of 
being locked in the open position. The change is that the locking means shall be of a type that will 
remain in position with the lock removed. Portable means of locking the switch or circuit breaker in 
the open position is no longer permitted. 


Artide626 Electrified Truck Parking Spaces 


626.1: This Article provides standardized rules for the installation of electrical equipment at truck parking 
spaces to supply power for heating, air-conditioning, lighting, appliances, and communications, and 
for power to refrigerated trailers known as transport refrigerated units or TRUs. A sample installation 
with a truck supplied from a pedestal is shown in Figure 14.17. 

626.4(B): Nominal ac electrical systems that may be available at a truck parking space are 120-volt, single- 
phase, 2-wire, 120/240-volt, single-phase, 3-wire, 208/120-volt, single-phase, 3-wire from a 4-wire 
3-phase system, 240-volt, 3-phase, 3-wire, and 480/277-volt, 3-phase, 4-wire. 

626.10: Power to the truck is to be single-phase, 3-wire derived from a 3-phase 208/120-volt, 4-wire system 
or from a single-phase 120/240-volt, 3-wire system. Single-phase, 2-wire, 120-volt service is only per- 
mitted for existing electrified truck parking spaces. 

626.11(A ): For the purpose of determining the size of the service and feeders to supply truck parking spaces, 
a minimum demand load of 11 kVA is required for each parking space. 

626.11(B): A demand factor is permitted to be applied to the truck parking space load, depending upon the 
geographic location. The demand factors are given in Table 626.11(B); however, it is necessary to 
determine the climatic temperature zone for the area where the truck parking facility is to be located. 
To find this climatic temperature zone, it is necessary to look at the climatic temperature zone map 
published by the UDSA. This map can be found on the internet. For example, St. Louis is zone 6a. 
From Table 626.11(B), the demand factor is 39%. If a feeder were to supply 10 electrified truck park- 
ing spaces, the minimum feeder demand load would be 179 amperes (11,000 VA x 10 sites x 0.39 
divided by 240 volts = 179 amperes). 

626.22(A): An electrified truck parking space is permitted to be supplied by means of equipment mounted 
to a pedestal, a raised concrete pad, or by means of an overhead gantry. 


TRU POWER CONNECTION 


TRANSPORT 208 VOLT OR 480 VOLT, 
REFRIGERATION 3-PHASE ARTICLE 626, PART III 
UNIT (TRU) 
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626.25 


ARTICLE 626, PART III 
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Figure 14.17 Electrified truck parking spaces are permitted to be supplied with power for heating, air-conditioning, 
lighting, and appliances in the cab and sleeper, and also power for operation of a refrigerated trailer unit. 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


470 Unit 14 


626.23(B): When a supply cable originates from an overhead gantry, a means of strain relief is required that 
will disconnect power to the cable if sufficient strain is detected that could cause damage. 

626.24(B): All electrified truck parking space equipment shall provide a minimum of two receptacles rated 
20-ampere, 125-volts and connected to an individual branch circuit. If the space does not provide air- 
conditioning without electrical connection to the truck, then a 30-ampere, single-phase, 125/250-volt, 
4-pole grounding receptacle shall be provided. The receptacle is permitted to be supplied from a 
120/240-volt, 3-wire, single-phase feeder, or from a 208/120-volt feeder. 

626.24(C): M eans of disconnecting power to the electrified truck parking site receptacles by means of a cir- 
cuit breaker or switch. This disconnecting means is required to be capable of being locked, and it must 
be in a readily accessible location. 

626.24(D): Electrified truck parking space receptacles are required to be provided with ground-fault circuit- 
interrupter protection. 

626.25: Required listed power supply cable assemblies for connection of power from the site receptacles to 
the truck are described in this section. There are 20-ampere, 125-volt, 2-wire with equipment ground- 
ing wire cord assemblies, and 30-ampere, 125/250-volt, 3-wire, with equipment grounding wire cord 
assemblies. 

Part IV: Rules for supplying power to a transport refrigerated unit (TRU) are provided. Power supply, recep- 
tacles, and cable assemblies to operate refrigeration units are either 30-ampere, 480-volt, 3-phase, 
3-pole, 4-wire, or 60-ampere, 208-volt, 3-phase, 3-pole, 4-wire. In either case, the electrical supply is 
to be grounded. 


Artide640 Audio Signal Processing, Amplification, and Reproduction E quipment 


640.6(B): Cable ties are now specifically listed as an acceptable means of supporting and securing audio dis- 
tribution cables. 

640.6(D): Audio distribution cables intended for future use are to be durably marked with the date of mark- 
ing, date of intended use, and the intended use. 


Artide 682 Natural and Artificially M ade Bodies of Water 


682.13: The rules are more specific as to the types of wiring methods permitted to be installed for supply 
to electrical equipment associated with natural and artificially made bodies of water. Flexible wiring 
methods Liquidtight Flexible Metal Conduit and Liquidtight Flexible Nonmetallic Conduit with 
approved fittings are the only types permitted for feeders and services. Where flexibility is required 
for feeders and branch circuits, extra-hard usage portable power cable, as described in Table 400.4, 
is the only type of flexible cable permitted. The cable must be listed for wet locations and be sunlight 
resistant. Types listed in Table 400.4 that meet these requirements are Type W, Type PPE, Type G, 
and Type G-GC. Other non-flexible wiring methods suitable for the conditions as described in 
Chapter 3 are permitted. It is made clear that temporary wiring methods described in 590.4 are only 
permitted for temporary installations. 


Artide 800 Communications Circuits 


800.24: Cable ties are now included in the list of acceptable means of supporting communications cable to 
the structure of the building. 

800.25: Cables that are taken out of service and intended for future use, or cables that are installed for future 
use, are now required to be durably labeled as cables for future use. 

800.26: Communications cables and raceways that penetrate a fire-resistant- rated wall, partition, floor, or 
ceiling are required to be firestopped using approved materials. 

800.48: Unlisted communications cables are permitted to enter buildings; however, they must be terminated 
within 50 ft (15 m) of the point of entry to the building. 

800.83(B): This is a new paragraph that permits communications cables with a metallic sheath and termi- 
nated on the outside of a building to either have the sheath connected to a grounding electrode or fit- 
ted with an insulating joint. The previous edition of the Code did not cover the situation where the 
cable was terminated on the outside of the building. 

800.100(B )(1): If the electrical service installation for the building has an intersystem bonding terminal, then 
the communications system grounding conductor is required to be connected to the intersystem 
grounding terminal. 
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800.156: For new construction of a dwelling, a minimum of one communications outlet is required to be installed 
and cabled to the point where the communications cable will enter the building from the service provider. 

800.179: Communications wires and cables are now required to have an insulation rating of not less than 
300 volts; however, the voltage is not to be marked on the cable unless the cable is dual rated where 
one of the applications requires the voltage to be printed on the cable. 


Artide810 Radio and Television Equipment 


810.21(F)(1): If the electrical service installation for the building has an intersystem bonding terminal, then the 
antenna system grounding conductor is required to be connected to the intersystem grounding terminal. 


Artide 820 Community Antenna Television and Radio Distribution Systems 


820.24: Cable ties are now included in the list of acceptable means of supporting coaxial cables to the struc- 
ture of the building. 

820.25: Cables that are taken out of service and intended for future use, or cables that are installed for future 
use, are now required to be durably labeled as cables for future use. 

820.26: Coaxial cables and raceways that penetrate a fire-resistant- rated wall, partition, floor, or ceiling are 
required to be firestopped using approved materials. 

820.48: Unlisted coaxial and CATV cables are permitted to enter buildings; however, they must be termi- 
nated within 50 ft (15 m) of the point of entry to the building. 


Artide 830 Network-Powered Broadband Communications Systems 


830.24: Cable ties are now included in the list of acceptable means of supporting network-powered broad- 
band cables to the structure of the building. 

830.25: Cables that are taken out of service and intended for future use, or cables that are installed for future 
use, are now required to be durably labeled as cables for future use. 

830.26: N etwork-powered broadband cables and raceways that penetrate a fire-resistant- rated wall, partition, 
floor, or ceiling are required to be firestopped using approved materials. 

830.100(B )(1): If the electrical service installation for the building has an intersystem bonding terminal, then 
the network-powered broadband system grounding conductor is required to be connected to the inter- 
system grounding terminal. 

830.106: Special problems are created when network-powered broadband cables enter a mobile home where 
the service does not meet the requirements of Article 550. This new section provides procedures for 
providing grounding. 
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WORKSHEET NO. 14— BEGINNING 
SPECIAL APPLICATIONS WIRING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. The minimum copper conductor size permitted to supply an outlet for an arc or 
xenon projector in the projection room of a theater is: 


A. 14AWG. 
B. 12AWG. 
C. 10AWG. 
D. 8AWG. 
E. not specified in the Code. 


Codereference 
2. A 30-ampere, locking-type grounding receptacle outlet is used to supply shore power 
to a boat at a marina. A disconnecting means shall be readily accessible and located 
so that the distance from the disconnect to the receptacle it controls is not more than: 
A. 6ft(1.8 m). C. 24 in. (600 mm). E. 50ft(15 m). 
B. 10ft(3 1m). D. 30in. (762 mm). 


Codereference 

3. A dimmer is to be installed for a bank of lights for a theater stage. The circuit orig- 
inates from a fixed stage switchboard. Unless listed for a higher voltage, a solid-state 
dimmer shall not be permitted to be used on a circuit where: 

the voltage between conductors exceeds 150 volts. 

the voltage to ground exceeds 150 volts. 

the voltage between conductors exceeds 300 volts. 

the voltage to ground exceeds 300 volts. 

higher than 200 watt lamps are to be dimmed. 


mOOD> 


Codereference 
4. The permanent power wiring for a commercial television studio where there are no 
provisions for an audience may include all the wiring methods listed below except: 
A. Type MI Cable. D. TypeMC Cable. 
B. TypeAC Cable with insulated equipment ground. E. approved raceway. 
C. Type UF Cable. 
Codereference 
5. A metal grid of welded steel rods is installed in the concrete floor of a barn where 
dairy cows are to be milked and the grid is welded to the metal support poles for the 
equipment in the barn. This metal grid in the concrete floor is required to be bonded 
to the building electrical grounding system with copper wire not smaller than size: 
A. 10AWG. C. 4AWG. E. 2/0AWG. 
B. 8AWG. D. 2AWG. 


Codereference 
6. Inanareaof an agricultural building having an equipotential plane installed, gen- 
eral use receptacles installed on 15- and 20-ampere, 125-volt circuits are required 

to be: 
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only grounding-type receptacles. 

tamper-proof. 

arc-fault protected. 

listed for hazardous locations. 

ground-fault circuit-interrupter protected for personnel. 
Code reference 


mOOD> 


7. As shown in Figure 14.18, a 125-volt, 20-ampere, ground-fault circuit-interrupter 
receptacle is mounted on a floating pier. The purpose of this receptacle is for gen- 
eral use, not for shore power to boats. The minimum mounting height of the recep- 


tacle is: 

A. 30 in. (762 mm) above the high water level. 
B. 24 in. (600 mm) above the datum plane. 

C. 24 in. (600 mm) above the deck of the pier. 
D. 12 in. (305 mm) above the deck of the pier. 
E. 12 in. (305 mm) above the datum plane. 


Codereference 
8. Unless listed otherwise, the coupling means for an electrical vehicle supply equip- 
ment, installed indoors, shall be located at a height above the floor not to exceed: 
24 in. (600 mm). 


moOoOm> 
ul 
> 
or 
—_ 
ul 
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) 

(1:5 m). 
6 ft (1.8 m). 
8 ft (2.5 m). 

Codereference 

9. Telephone cable is run from outlet to outlet in a one-story commercial building. The 

type of cable permitted for this application, but not permitted to be used as a riser or 

in air handling spaces without being run in raceway is Type: 

A. CM. C. CMP. E. CMP-50. 

B. CMX. D. CMR. 


Code reference 
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Figure 14.18 A general-use, 125-volt 20-ampere, ground-fault circuit-interrupter receptacle is mounted above a 
floating pier. 
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10. A television antenna is placed on a tower for a single-family dwelling. It is grounded 
to an 8 ft (2.5 m) ground rod placed at the base of the footings for the tower. A bond- 
ing jumper is required to connect the antenna’s grounding electrode to the building’s 
electrical grounding system as shown in Figure 14.19. This copper bonding jumper is 
not permitted to be smaller than size: 


A. 10AWG. 

B. 8AWG. 

C. 6AWG. 

D. 4AWG. 

E. the size based upon Table 250.66. 


Code reference 


11. A minimum spacing between community antenna system coaxial cables and con- 
ductors used for lightning protection where practical shall not be less than: 


A. 10 ft (3m). D. 12 in. (300 mm). 
B. 6 ft(1.8 m). E. 4 in. (100 m). 
C. 5ft( 1.5 m). 


Codereference 

12. Direct buried network powered broadband cable is run underground from one build- 
ing to another at a commercial site. The conductors are installed in a trench without 
raceway protection, nor is it protected with any concrete placed above the cable. If 
the cable does not pass under a driveway the minimum depth of burial is: 

6 in. (150 mm). 

12 in. (300 mm). 

18 in. (450 mm). 

24 in. (600 mm). 

not specified in the Code. 


mMmOOUOD 


Code reference 


TELEVISION 
ANTENNA 
DWELLING 

TO ELECTRICAL 

SYSTEM 

GROUNDING 

ELECTRODE 

Wpitz ber dik Lili 


MINIMUM SIZE x 
BONDING JUMPER 


GROUND ROD 
FOR ANTENNA 


Figure 14.19 Bonding a television antenna grounding electrode to the electrical system grounding electrode at a 
dwelling. 
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ZA 


CORD TYPE ed el 


PERMITTED? 


Figure 14.20 An amusement park ride is supplied with a flexible cord for temporary power. 


13. An amusement park ride is temporarily placed on a site for a week during a carni- 
val. From the disconnecting means to the ride a flexible cord is installed, as shown 
in Figure 14.20. This flexible cord that supplies temporary power to the ride shall be 
sunlight-resistant, listed for wet locations, and be: 

A. listed for the purpose and may only be used as permanent wiring on the ride. 

B. extra-hard usage, unless arc-fault circuit-interrupter protected, then hard-usage 
cords are permitted. 

C. hard-usage and must be sunlight-resistant. 

D. extra-hard usage, unless ground-fault circuit-interrupter protected, then hard- 
usage cords are permitted. 

E. extra-hard usage, unless located in an area not subjected to physical damage, 
then hard-usage cords are permitted. 


Codereference 
14. A group of control wires to electric pipe organ electromagnetic sounding devices 
mounted on a common frame is permitted to have a common copper return conduc- 
tor not smaller than size: 
A. 14AWG. C. 20AWG. E. 28AWG. 
B. 18AWG. D. 26AWG. 


Codereference 

15. When installed in an agricultural building that houses livestock, the wiring material 
that is not permitted be installed is: 
jacketed Type MC Cable. 
Rigid Nonmetallic Conduit. 
Liquidtight Flexible Nonmetallic Conduit. 
Type UF Cable. 
Type AC Cable with an insulated equipment ground. 
Code reference 


mOOD> 
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WORKSHEET NO. 14—ADVANCED 
SPECIAL APPLICATIONS WIRING 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A metal auxiliary gutter contains only Class 3 wires of a public address system for 
a building and no power supply wires, and it is permitted to be grounded to a com- 
mon ground for the public address system with a copper wire not required to be 
larger than size: 


A. 14AWG. D. 8AWG. 
B. 12AWG. E. not specified in the Code. 
C. 10AWG. 


Codereference 

2. A group of control wires to electric pipe organ sounding devices mounted on a com- 

mon frame are permitted to have a common copper return conductor that: 
shall have an overcurrent device that is rated not more than 6 amperes. 
shall be ground-fault circuit-interrupter protected. 
shall have an overcurrent device that is rated not more than 2 amperes. 
requires raceway protection. 
is not required to have overcurrent protection. 


mMOoOOBDD 


Codereference 
3. Egress lighting at a carnival shall: 
. not be ground-fault circuit-interrupter protected. 
B. havea disconnecting means within 6 ft (1.8 m) of each lighting source. 
C. be ground-fault circuit-interrupter protected. 
D. be connected to two sources of power, emergency and normal, through the use 
of a transfer switch. 
E. be arc-fault circuit-interrupter protected, when accessible. 


Codereference 
4, Atan outdoor location, a temporary stage is assembled for a concert. The wiring 
methods for this performance area shall be according to the requirements of: 
A. Article 527. C. Article 520. E. Article 590. 
B. Article 525. D. Article 518. 


Codereference. 
5. Cables used to supply stage set lighting for a television studio shall be protected with 
an overcurrent device set at no higher than the ampacity of the conductors taken at: 
A. 100%. C. 175%. E. 400%. 
B. 125%. D. 200%. 


Code reference 


6. A motion picture projector that is installed in a permanently constructed projection 
room shall have a working clearance on the sides and rear of the projector of not less 


than: 
A. 12 in. (300 mm). D. 30 in. (750 mm). 
B. 18 in. (450 mm). E. 36 in. (900 mm). 


C. 24 in. (600 mm). 
Code reference 
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7. An agricultural building is supplied single-phase, 120/240-volt power from a 
400-ampere rated pole-top disconnect that does not contain overcurrent protection. 
The conductors to the building are overhead aluminum with 75°C insulation and 
terminations, as shown in Figure 14.21. The conductors supply a panelboard that 
contains a 200-ampere main circuit breaker. The overhead ungrounded conductors 
are size 3/0 AWG aluminum. The overhead conductors consist of two ungrounded 
conductors, an insulated neutral, and a bare equipment grounding conductor. The 
neutral is not grounded at the agricultural building. The minimum aluminum size 
overhead equipment grounding conductor permitted is: 


A. 6AWG. D. 3/0AWG. 
B. 3AWG. E. not specified in the Code. 
C. 2AWG. 


Codereference 
8. A disconnecting means that is capable of being locked in the open position is 
required for an electric vehicle charging system with a rating of more than 150 volts- 
to-ground or rated at more than: 
A. 30 amperes. D. 70 amperes. 
B. 50 amperes. E. 100 amperes. 
C. 60 amperes. 
Codereference 
9. An equipotential plane: 
A. is required to have a voltage transition ramp where animals enter and exit from 
the plane. 
B. is required in all concrete floors in livestock confinement areas where metal 
electrical equipment is accessible to the livestock. 


C. requires the bonding of slats for a slatted flooring system. 
D. must be installed in wash rooms where milking equipment is washed. 
E. is required in all areas where the surface the livestock are confined on is dirt. 
Codereference 
ALUMINUM 
QUADRUPLEX WITH 
3 INSULATED WIRES 
SERVICE DROP AN AND 1 BARE MESSENGER 
(Da nrnee | 
AGRICULTURAL 
POLE-TOP BUILDING 
PANELBOARD 


DISCONNECT ——->| 
NO OVERCURRENT 
PROTECTION 


WITH 200-AMPERE MAIN 
CIRCUIT BREAKER 


© | METER 


Figure 14.21 Aluminum quadruplex supplies an agricultural building from a pole-top disconnect that contains 
no overcurrent protection. 
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10. The receptacles installed adjacent to the mirror and above the dressing tables of a 
dressing room of a theater are required to be: 

arc-fault interrupter protected. 

ground-fault circuit-interrupter protected. 

controlled by a wall switch located in the dressing room. 

controlled by a wall switch located outside and adjacent to the door. 

provided with a pilot light at each receptacle. 


mOOD> 


Codereference 
11. A wiring method not permitted to be used for power circuits in a movie theater, 
which is run as surface wiring and in wall and ceiling cavities, is: 
Type AC Cable with an insulated equipment grounding conductor. 
Type UF Cable with an insulated equipment grounding conductor. 
Electrical M etallic Tubing. 
Rigid Nonmetallic Conduit encased in 2 in. (50 mm) of concrete. 
Type MC Cable. 


mOOD> 


Codereference 
12. A mast or metal supporting structure for a television antenna or a satellite receiving 
dish is required to be grounded to limit the damaging effects of high voltage surges. 
When grounding this equipment it is: 
A. not required to protect the grounding conductors when exposed to physical dam- 
age. 
B. permitted to ground this equipment by connecting onto the grounding electrode 
conductor for the service to the building. 
only permitted to install the grounding electrode conductor outdoors. 
required to use either insulated or covered conductors. 
necessary to install an individual grounding electrode, such as a ground rod, for 
this equipment. 


moo 


Codereference 
13. CATV Cable from a community antenna system is installed underground to a single- 
family dwelling. An additional grounding electrode is required to be installed when 
the grounding electrode conductor connecting the shield of the cable to the electrical 
system grounding electrode is longer than: 
A. 6ft(1.8 m). C. 20ft (6m). E. 50 ft (15m). 
B. 10ft(3m). D. 25 ft(7.5m). 


Codereference 
14. Rigid Nonmetallic Conduit is used to supply a motor in an agricultural building as 
shown in Figure 14.22. The raceway is not installed in the earth. The equipment 
grounding conductor for the motor: 
A. is permitted to be aluminum. 
B. is required to be covered or insulated. 
C. isnot required because the Code permits the motor to be grounded to a ground 
rod at the motor. 
D. shall be copper. 
E. is required to be the same size as the branch-circuit conductors serving the 
motor. 


Code reference 
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15. A network-powered broadband communications medium-power cable that is per- 
mitted to be installed underground without additional protection is: 
A. CLU. G.. BLX. E. BMU. 
B. BL. D. UBM. 


Code reference 


RIGID NONMETALLIC 
CONDUIT 
TO A MOTOR 


| 


a” 
——— 


Figure 14.22 Rigid Nonmetallic C onduit is installed above ground and used to supply a motor in an agricul- 
tural building where physical strength is needed. 
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UNIT 15 


Review 


OBJ ECTIVES 


After completion of this unit, the student should be able to: 
* evaluate ability to solve basic electrical fundamentals calculations. 
* evaluate ability to find answers to questions from the Code. 
* evaluate ability to make electrical wiring calculations. 


¢ determine which articles of the Code require further work to increase the student's level 
of understanding. 


EVALUATION PROCESS 


This review is designed to serve as a self-evaluation. M ark only the answer on the answer sheet. It is 
best to do this evaluation in a specified period of time. A suggested time interval is two hours. If the review 
test is taken in a two-hour time limit, it will generally not be possible to look up the answer to every ques- 
tion in the Code. Usually, the answer can be narrowed to two possible answers by elimination. The follow- 
ing example of an electrical fundamentals problem will illustrate how the possible answers can be reduced 
to only two by using basic understanding of the concept. 


Example 15.1 Three resistors with the values 4 ohms, 6 ohms, and 12 ohms are connected in paral- 
lel. The total resistance of the circuit is: 


A. 1lohm. 
B. 2ohms. 
C. 6 ohms. 
D. 22 ohms. 


Answer: The circuit resistance is less than the smallest resistor in the group; therefore, the answer 
must be either response A or B. Working out the answer shows that the answer is response B. 


1. a ,i ii _3 Pa: + — _ 6 
Rr 4 6 12 12 12 12. «12 
12 
Ry = - =2 ohms 
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WORKSHEET NO. 15— BEGINNING 
REVIEW 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 


1. A 260 ft (79.25 m) length of size 4 AWG uncoated copper wire operating at a tem- 
perature of 75°C has a resistance of: 
A. 0.0801 ohm. C. 0.308 ohm. E. 1.010 ohm. 
B. 0.0792 ohm. D. 0.524 ohm. 


Codereference SS 
2. Anextension cord with size 16 copper conductors operating at 50°C has a length of 
150 ft (45.72 m) and is supplying a 120-volt load that is drawing 8 amperes. If the 
total resistance for the neutral and ungrounded wire is 1.375 ohms, the voltage drop 
caused by the resistance of the cord is: 
A. 5.2 volts. C. 11.0 volts. E. 18.3 volts. 
B. 7.6 volts. D. 14.0 volts. 


Codereference. 
3. A chandelier has eight 60-watt incandescent lamps and operates at 120-volts. The 
total current drawn by the chandelier is: 
A. 0.5 amperes. C. 2.5 amperes. E. 8.0 amperes. 
B. 2.0 amperes. D. 4.0 amperes. 


Codereference NS 
4. A circuit has three resistors connected in parallel. One resistor is 4 ohms, the next is 
6 ohms, and the last is 12 ohms. The total resistance of the circuit is: 
A. 1.5 ohms. C. 4ohms. E. 22 ohms. 
B. 2ohms. D. 11 ohms. 


Codereference SS 
5. A circuit has two resistors connected in series— one with 3 ohms and the other with 
21 ohms. The two resistors are connected to a 120-volt ac electrical supply. The volt- 
age across the 21-ohm resistor will be: 
A. 15 volts. C. 60 volts. E. 120 volts. 
B. 45 volts. D. 105 volts. 


Codereference. 
6. A feeder supplies 76 amperes of continuous load and 45 amperes of noncontinuous 

load. The feeder consists of three Type THHN copper current-carrying conductors in 
raceway. The minimum rating overcurrent device permitted for this feeder is: 
A. 100 amperes. D. 140 amperes. 
B. 110 amperes. E. 175 amperes. 
C. 125 amperes. 

Code reference 
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7. A raceway contains six size 2/0 AWG copper current-carrying conductors with 
THHN insulation. The maximum allowable ampacity of these conductors in this 


raceway is: 
A. 116 amperes. D. 140 amperes. 
B. 123 amperes. E. 156 amperes. 


C. 136 amperes. 
Codereference 

8. A feeder consisting of three current-carrying conductors supplies a continuous load 

of 94 amperes and is protected with a 125-ampere circuit breaker. All conductor ter- 

minations in the circuit are rated at 75°C. If the circuit conductors are THWN cop- 

per, the minimum size permitted for the circuit is: 

A. 6AWG. C. 3AWG. E. 1AWG. 

B. 4AWG. D. 2AWG. 


Codereference. 
9. A 20-ampere, 120-volt circuit for lighting in the yard of a dwelling is not protected 

with a ground-fault circuit interrupter, although there is one GFCI type receptacle 
installed on the circuit. The circuit is run as Direct Burial Type UF Cable that passes 
under the dwelling drive that is not paved, and is not subject to other than light vehi- 
cle traffic. The minimum depth of burial permitted for the cable is: 
A. 6in. (150 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18 in. (450 mm). 

Code reference 


10. Type NM-B Cable is used in a dwelling as a switch loop from a ceiling box at a lumi- 
naire (lighting fixture) to a single-pole switch on the wall. A 120-volt black insulated 
conductor and a white insulated neutral conductor are run using Type NM -B Cable to 
the ceiling box. The white insulated conductor from the ceiling box to the switch box: 
A. is only permitted to be the 120-volt feed to the switch and must be marked to 

identify it as an ungrounded conductor. 
B. is only permitted to be the return to the light and must be marked to identify it 
as an ungrounded conductor. 

is permitted to be either the 120-volt supply to the switch or the return to the light. 

if marked with black tape is permitted to be the return to the light. 

is only permitted to be the return to the light. 


moo 


Code reference 


11. TypeNM-B Cable enters a metal device box and is secured by a cable clamp at the 
bottom of the box. The cable is installed so the cable jacket is flush with the cable 
clamp so free conductors begin at the cable clamp. If the device box has a depth of 
23/4 in. (70 mm), the minimum length of free conductor permitted in this box is 
required to be not less than: 

A. 3in.(75 mm). D. 8 in. (200 mm). 
B. 6in. (150 mm). E. 12 in. (300 mm). 
C. 64/2 in. (163 mm). 

Code reference 


12. Four Type THWN size 500 kcmil copper conductors are run in Electrical M etallic 
Tubing (EMT). The minimum trade diameter EMT for this run is: 
A. trade size 2 (53). D. trade size 31/2 (91). 
B. trade size 21/2 (63). E. trade size 4 (103). 
C. trade size 3 (78). 
Code reference 
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13. 


14. 


15. 


16. 


17. 


18. 
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A trade size 4 (103) Intermediate M etal Conduit (IM C) enters one side of a pull box 
and two trade size 3 (78) Rigid M etal Conduits enter the adjacent side. If the con- 
ductors running from the trade size 4 (103) conduit to either of the trade size 3 (78) 
conduits is larger than size 4 AWG, the minimum distance permitted between the 
conduit entries inside the box is: 
A. not specified. D. 18 in. (450 mm). 
B. 8 in. (200 mm). E. 24 in. (618 mm). 
C. 12 in. (300 mm). 

Codereference 
Wiring in a dwelling uses single-gang nonmetallic boxes without cable clamps. A 
20-ampere circuit is wired with Type NM -B Cable size 12 copper. A box on the wall 
has a three-way switch and a Type NM-B Cable with three insulated conductors and 
an equipment ground entering one end of the box. It also has a Type NM-B Cable 
with two insulated conductors and an equipment ground entering the other end of the 
box. The internal volume of the box is: 
A. 15 in. (246 cm’). D. 20 in. (328 cm’). 
B. 16.25 in.? (266 cm’). E. 22.5 in.? (369 cm’). 
C. 18 in2 (295 cm). 

Codereference 
Fluorescent lay-in luminaires (lighting fixtures) are mounted in a suspended ceiling 
and supplied from 20-ampere branch-circuits. Flexible M etal Conduit supported 
only by a listed connector at a solidly mounted junction box and at the luminaire is 
permitted to be installed to supply a luminaire in lengths not to exceed: 
A. 18 in. (450 mm). C. 3 ft (900 mm). E. 6 ft(1.8 m). 
B. 24 in. (600 mm). D. 4ft(1.2 m). 


Codereference. 
Trade size 1 (27) PVC type Rigid Nonmetallic Conduit is run as exposed surface 
wiring in a building and securely fastened within a distance of not more than 3 ft 
(900 mm) of each box and cabinet. The maximum distance between supports in a 
run of this RNC is not permitted to be greater than: 
A. 3ft(900 mm). C. 6 ft(1.8 m). E. 10 ft(3 Mm). 
B. 5ft(1.5 m). D. 8ft(2.5m). 


Codereference 
The minimum branch-circuit rating permitted for a 12-kW, 120/240-volt electric 
range in a dwelling is: 
A. 30 amperes. C. 40 amperes. E. 60 amperes. 
B. 35 amperes. D. 50 amperes. 


Codereference. 
An unbroken length of kitchen counter along a wall in a dwelling is 10 ft (3.05 m) 
long. The counter extends from the edge of the sink for 4 ft (1.22 m), then makes a 
corner and continues for 6 ft (1.83 m) to the end of the counter at the refrigerator. 
The minimum number of receptacle outlets required on this length of wall space is: 


A. not specified and the number is up to the owner of the dwelling. 
B. one. 

C. two. 

D. three. 

E. four. 


Code reference 
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19. A single-family dwelling has three bathrooms. The minimum number of 20-ampere, 
125-volt branch-circuits required for the dwelling is: 


A. three. D. six. 
B. four. E. not specified in the Code. 
C. five. 


Codereference 
20. A single-family dwelling has two wall-mounted ovens and one counter-mounted 
cooking unit supplied by a single branch-circuit. The total rating of the two ovens 
and the cooking unit is 22 kW. The minimum permitted demand rating for this range 
branch-circuit is: 
A. 8kVA. C. 9.2 kVA. E. 12 kVA. 
B. 84kVA. D. 11 kVA. 


Codereference 
21. A service entrance in a single-family dwelling has a 150-ampere main circuit breaker. 
The service-entrance conductor is aluminum with 75°C insulation and terminations. 
The calculated demand load for the dwelling is 115 amperes. The minimum size 
ungrounded conductors for this service is: 
A. 1AWG. C. 2/0AWG. E. 4/0AWG. 
B. 1/0AWG. D. 3/0AWG. 


Codereference 
22. Service-Entrance Cable Type SE style U is installed on the outside of a building for 
a service entrance. The weather head is fastened to the side of the building and the 
cable is supported within 12 in. (300 mm) of the weather head. The maximum dis- 
tance permitted between supports for the cable is: 
A. 8 in. (200 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18 in. (450 mm). 
Codereference 
23. The service drop to a building is required to meet minimum clearance requirements 
depending upon the use of the area beneath the service drop. In no case is the point 
of attachment of the service drop permitted to be less than: 


A. the minimum required to prevent personal contact. 
B. 10 ft (3m). 

C. 12 ft (3.7 m). 

D. 15 ft (4.5 m). 

E. 18 ft (5.5m). 


Codereference 
24. A short section of Liquidtight Flexible Nonmetallic Conduit connects the circuit con- 
ductors to a machine. The conductors are size 1 AWG copper protected by 125-ampere 
time-delay fuses. The copper equipment grounding conductor required for this circuit 
is not permitted to be smaller than size: 
A. 6AWG. C. 3AWG. E. 1AWG. 
B. 4AWG. D. 2AWG. 


Code reference 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


486 Unit 15 


25. A metal underground water-piping system is used as a grounding electrode for a 
service of a dwelling and it is supplemented with an additional grounding electrode 
consisting of a ground rod driven 8 ft (2.44 m) into the earth. If the supplemental 
ground rod is not 25 ohms or less to ground: 

A. asecond ground rod driven 6 ft (1.8 m) away and bonded to the first ground rod 
meets the service grounding requirement. 

B. nothing additional is required because the underground water pipe acts as the 
additional grounding electrode. 

C. more ground rods are required to be driven until a resistance of less than 25 ohms 
is achieved. 

D. soil treatment is required to lower the resistance to less than 25 ohms. 

a bare copper wire at least 20 ft (6 m) in length and not smaller than size 2 AWG 

is required to be used in place of the ground rod. 


m 


Codereference 

26. Theservice-entrance conductors in a commercial building are size 250 kcmil copper 

and the main circuit breaker is rated 225 amperes. The grounding electrode for the 

service is the structural steel of the building that is effectively grounded by bonding 

to reinforcement steel in the building footings. The minimum size copper grounding 

electrode conductor from the service panel to the structural steel is not permitted to 

be smaller than: 

A. 8AWG. C. 4AWG. E. 1/OAWG. 

B. 6AWG. D. 2AWG. 


Codereference 
27. The equipotential bonding for a permanent swimming pool is formed by connecting 
together all metal parts associated with the pool such as reinforcing steel in the pool 
wall and deck, metallic parts of the pool structure, forming shells and mounting 
brackets of lighting fixtures, metal ladders and other metal fixtures attached to the 
pool, metal equipment associated with the water circulating system, pool covers and 
similar metal parts. The conductor used for this bonding is: 
permitted to be solid aluminum if insulated and not smaller than size 8 AWG. 
required to be insulated copper, stranded, and not smaller than size 8 AWG. 
permitted to be bare, insulated, or covered copper if not smaller than size6 AWG. 
required to be copper not smaller than size 2 AWG. 
required to be solid copper not smaller than size 8AWG. 


moOOw> 


Codereference 
28. A standard rating of an overcurrent device as recognized by the Code is: 
A. 55 amperes. D. 750 amperes. 
B. 110 amperes. E. 1500 amperes. 
C. 130 amperes. 
Codereference 
29. When terminating neutral conductors and equipment grounding conductors to the 
neutral terminal bus in a service panelboard: 
A. only asingle neutral conductor is permitted to be connected to a terminal. 
B. only oneneutral and one equipment grounding conductor of the same circuit are 
permitted to be connected to a terminal. 
C. any number of neutral and equipment grounding conductors are permitted to be 
connected to a terminal if they will fit the space available. 
D. not more than two neutral conductors are permitted to be connected to a terminal. 
there is no limit to the number of conductors for any terminal provided a mini- 
mum torque is applied to the terminal. 


m 


Code reference 
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30. A mobile home served with 120/240-volt, 3-wire service that has a calculated load 
greater than 50 amperes is required to be supplied power using a permanent wiring 
method from the adjacent power supply pole to the mobile home. The power supply 
feeder is required to consist of: 

A. three insulated conductors and an equipment ground permitted to be bare. 

B. three insulated conductors and an equipment grounding conductor with the 
insulated conductors permitted to be identified with colored tape. 

C. only three insulated conductors if the mobile home panel is grounded to the earth. 

D. two insulated and color coded ungrounded conductors with the neutral permit- 
ted to be bare. 

E. four insulated and color coded conductors— one of which is an equipment 
grounding conductor. 

Codereference 

31. According to 430.102(B) in the Code, a disconnecting means is required to be located 
“in sight from” a motor and driven machinery location. In addition to being directly 
in the line of sight, the term “in sight from” means the disconnect is not permitted to 
be located from the motor and driven machine a distance greater than: 


A. 20 ft (6m). D. 50 ft (15 m). 
B. 25 ft(7.5m). E. 75 ft (22.5 m). 
C. 30 (9 m): 


Codereference. 
32. A 10-horsepower single-phase, 240-volt induction motor has a nameplate current of 
46 amperes and a service factor of 1.0. If the motor is protected from overload by a 
current-sensing device in the supply conductors, the maximum current setting of the 
overload device is: 
A. 46 amperes. C. 53 amperes. E. 63 amperes. 
B. 50 amperes. D. 58 amperes. 


Codereference 
33. A 3-phase, 20 horsepower, 460-volt, design B induction motor is supplied with cop- 
per conductors with 75°C rated insulation and terminations. The minimum size 
branch-circuit conductors permitted for this circuit is: 
A. 10AWG. C. 6AWG. E. 3AWG. 
B. 8AWG. D. 4AWG. 


Codereference. 

34. A 3-phase, 25-horsepower, 460-volt, design B induction motor with a service factor 

of 1.15 is supplied with copper conductors with 75°C insulation and terminations. 

The motor is powering an easy starting load. The maximum rating inverse time cir- 

cuit breaker permitted on the circuit to provide branch-circuit, short-circuit and 

ground-fault protection is: 

A. 50 amperes. C. 70 amperes. E. 90 amperes. 

B. 60 amperes. D. 80 amperes. 


Codereference. 

35. A 3-phase transformer is rated 37.5 kVA and supplies a panelboard with a 100-ampere 

main circuit breaker with 208/120-volt power from a 480/277-volt supply. The con- 

ductors from the transformer to the panelboard are size 3 AWG copper and the input 

conductors to the transformer are size 8 AWG copper. The maximum standard rating 

overcurrent device permitted on the primary side of the transformer is: 

A. 35 amperes. C. 50 amperes. E. 125 amperes 

B. 40 amperes. D. 110 amperes. 


Code reference 
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36. A transformer is installed in a building and is considered to be a separately derived 
system. There is a metal underground water-piping system entering the building but 
no metal water pipe in the area of the transformer. The structural steel of the build- 
ing is effectively grounded. The required grounding electrode for the transformer 
secondary electrical system is the: 

A. metal underground water-piping system connected within 5 ft (1.5 m) of the 
point where it enters the building. 

B. metal underground water-piping system connected within 5 ft (1.5 m) of the point 
where it enters the building and supplemented with one additional electrode. 

C. ground rod driven next to the transformer. 

D. structural steel of the building with a connection as close to the transformer as 
possible. 

E. bare copper wire not smaller than size 2 AWG buried under the floor near the 
transformer. 

Codereference 

37. A duplex receptacle is installed on a masonry wall in the service area of a commer- 
cial garage to provide power for portable tools. The commercial garage is used only 
for the repair of gasoline and diesel powered vehicles. The receptacle is installed in 
a surface-mount masonry box and supplied with EMT using set screw connectors. 
This installation is permitted provided the distance from the service area floor to the 
bottom of the box is not less than: 

A. 12 in. (300 mm). C. 24 in. (600 mm). E. 5 ft(1.5 m). 
B. 18 in. (450 mm). D. 3 ft(900 mm). 


Codereference 

38. Wiring using field-threaded and installed Rigid M etal Conduit in a Class |, Division 
1 hazardous location is required to be made up with the conduit having a minimum 
number of threads fully engaged of: 

not less than 5 threads. 

not less than 6 threads. 

not less than 8 threads. 

not less than 4 and sealed with a sealing compound. 

any number as long as the connection is tight. 


mOOD> 


Codereference 
39. The extent of the Class |, Division 2 classified hazardous location at a gasoline dis- 
penser is measured up from the surface 18 in. (450 mm) and out from the edge of 
the dispenser a minimum of: 


A. 10 ft (3m). D. 25 ft (7.5 m). 
B. 15 ft (4.5m). E. 50 ft (15 m). 
C. 20 ft (6m). 


Codereference 

40. Eventhough circuit wiring is run in metal raceway of a hospital, an insulated copper 
equipment grounding conductor is required to be run in the raceway and connected 
to the grounding terminal of: 

all equipment, receptacles, and lighting fixtures in the hospital. 

all receptacles in patient care areas. 

receptacles installed in basements and other below grade areas. 

every circuit protected with a ground-fault circuit interrupter. 

ceiling lighting fixtures in patient care areas. 


mOOD> 


Code reference 
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41. Receptacles rated 20 amperes at 125 volts in an operating room of a hospital are sup- 
plied from an isolated power system. The orange conductor of the isolated power 
system is to be: 

connected to the equipment grounding terminal of the receptacles. 

connected only to the silver-colored screw terminal of the receptacles. 

run without splices and looped at each receptacle terminal connection. 

connected only to the brass-colored screw terminal of the receptacles. 

connected to either the silver- or brass-colored terminal of the receptacles. 


moOOw> 


Codereference 

42. A receptacle in the unfinished portion of the basement of a dwelling that is installed 

to provide power to a non-power-limited fire alarm system is: 

A. not permitted and the installation is required to be supplied by a circuit near an 
exit door on the first level. 
required to be ground-fault circuit-interrupter protected. 
not permitted to be ground-fault circuit-interrupter protected. 
required to be protected by an arc-fault circuit interrupter. 
required to be controlled by a switch. 


mOMw 


Codereference 
43. Thecircuit conductors from an emergency panelboard to exit signs in a building are: 
A. permitted to be run in the same raceway with normal power conductors provided 
all conductors have 600-volt insulation. 
B. required to be run in Rigid M etal Conduit. 
C. required to be run only in Type MI, MC, or AC Cable, or metallic raceway. 
D. required to be run in separate raceways even when two separate emergency cir- 
cuits originate from the same panelboard. 
E. not permitted to be run in the same raceway with other power or lighting circuit 
conductors. 
Codereference 
44. A fire pump installation consists of only one motor that is rated 60-horsepower, 
3-phase, 460-volt, design B. Conductors are copper with 75°C rated terminations. 
The minimum size copper Type THWN conductors permitted to be run from the 
controller to the fire pump motor is: 
A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Codereference 
45. Inan existing building, optical fiber cable is to be installed where the most convenient 
way of running the necessary cables is across the upper side of a permanent suspended 
ceiling in a hallway. There are no other cables run across the suspended ceiling. The 
maximum number of optical fiber cables permitted to be installed by running them 
across the suspended ceiling from one end of the hallway to the other is: 


A. two. 

B. three. 

C. zero, because this practice is not permitted. 
D. only one. 

E. as many as desired. 


Code reference 
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46. Ventilated-trough cable tray contains only single-conductor cables installed in a sin- 
gle layer with an air space maintained between and secured to the cable tray so they 
will not move. The width of the air space is equal to the cable diameter. There are 
eleven Type XHHW size 500 kcmil copper single-conductor cables. The minimum 
width cable tray required for this installation is: 

A. 9 in. (225 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18 in. (450 mm). 
Codereference 

47. A required 125-volt, 15- or 20-ampere branch-circuit serves the lights and recepta- 
cles in an elevator machine room. The lights in the room are required to be: 

connected to the supply side of any ground-fault circuit interrupter. 

arc-fault protected 

incandescent with at least two luminaires (lighting fixtures). 

grounded with an insulated equipment grounding conductor. 

ground-fault circuit-interrupter protected. 


MOODS 


Codereference 
48. Strut-type channel raceway is surface mounted to a ceiling and used to support lumi- 
naires (lighting fixtures) as well as serve as the raceway for the conductors. The sec- 
tions of strut channel are secured within 3 ft (900 mm) of ends and terminations, and 
shall be secured at intervals not to exceed: 
A. 3ft(900 mm). C. 5 ft(1.5 m). E. 10 ft(3 1m). 
B. 4.5 ft (1.4 m),. D. 8 ft(2.5 m). 


Code reference 


49. A restaurant is classified as a place of assembly when the seating capacity of the 


building is: 
A. 50 or more persons. D. 150 or more persons. 
B. 75 or more persons. E. 200 or more persons. 


C. 100 or more persons. 
Codereference 
50. A wiring method not permitted to be used for light and power circuits in a movie 
theater and run as surface wiring, and in wall and ceiling cavities is: 
Type AC Cable with an insulated equipment grounding conductor. 
Type UF Cable with an insulated equipment grounding conductor. 
Electrical M etallic Tubing. 
Rigid Nonmetallic Conduit encased in 2 in. (50 mm) of concrete. 
Type MC Cable. 


mOOD> 


Code reference 
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WORKSHEET NO. 15—ADVANCED 
REVIEW 


Mark the single answer that most accurately completes the statement based upon the 2008 
Code. Also provide, where indicated, the Code reference that gives the answer or indicates 
where the answer is found, as well as the Code reference where the answer is found. 

1. A fluorescent luminaire (lighting fixture) has a ballast that operates two 40-watt 
lamps and draws 1.32 amperes at 120 volts with a power factor of 0.58. The power 
drawn by the luminaire (lighting fixture) is approximately: 

A. 80 watts. C. 115 watts. E. 273 watts. 
B. 92 watts. D. 158 watts. 


Codereference. 
2. A 3-phase resistance-type electric heater has a rating of 15 kW at 240 volts. The cur- 
rent drawn by the electric heater is approximately: 
A. 20.8 amperes. D. 45.1 amperes. 
B. 28.9 amperes. E. 62.5 amperes. 
C. 36.1 amperes. 


Codereference. 
3. A circuit has three resistors connected in parallel. One resistor is 4 ohms, the next is 
14 ohms, and the last is 28 ohms. The total resistance of the circuit is: 
A. 1.5 ohms. C. 4ohms. E. 46 ohms. 
B. 2.8 ohms. D. 23.0 ohms. 


Codereference SS 
4. A circuit supplying twelve 150-watt, 120-volt incandescent lamps is not turned off 
for a week. If the average cost of electrical power for the building is 10.2 cents per 
kilowatt-hour, the approximate cost of operating the lamps for one week is: 
A. $12.38. C. $23.64. E. $30.84. 
B. $18.22. D. $26.47. 


Codereference SS 
5. A 3-phase electric motor running at full-load and developing exactly 10 horsepower 
draws 28 amperes at 230 volts with a power factor of 71.2%. The efficiency of the 
motor is approximately: 
A. 62%. C. 71%. E. 94%. 
B. 66%. D. 82%. 


Code reference 


6. A 3-phase, 208/120-volt feeder consists of three ungrounded conductors and a neutral, 
and all four conductors count as current-carrying conductors because of the type of 
load being supplied. The conductors are copper with THHN insulation. The only ter- 
minations are rated 75°C and they are at panelboards on each end of the feeder. The 
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feeder passes through an area of the building where the ambient temperature is typi- 

cally 125°F (51.7°C). If the conductors are size 300 kcmil, the allowable ampacity of 

these conductors for this feeder is: 

A. 195 amperes. D. 335 amperes. 

B. 204 amperes. E. 526 amperes. 

C. 320 amperes. 

Codereference. 

7. A feeder consisting of three current-carrying conductors supplies a continuous load 

of 90 amperes, and is protected with a 125-ampere circuit breaker. All conductor ter- 

minations in the circuit are rated at 75°C. If the circuit conductors are THWN copper, 

the minimum size permitted for the circuit is: 

A. 6AWG. C. 3AWG. E. 1AWG. 

B. 4AWG. D. 2AWG. 


Codereference 

8. Two sets of 3-phase feeders are run in the same raceway for a total of six current- 

carrying conductors. Each circuit supplies a 42-ampere continuous load. The circuit 

conductors are copper with THHN insulation and all circuit conductor terminations 

are rated 75°C. A portion of the raceway run goes through a room that is 30 ft wide 

and runs typically at a temperature of 130°F (54.4°C). The minimum size conduc- 

tors permitted for these feeders is: 

A. 6AWG. C. 3AWG. E. 1LAWG. 

B. 4AWG. D. 2AWG. 


Codereference 
9. An 480/277-volt electrical panelboard is mounted to the surface of a poured concrete 
wall and extends out from the wall surface 10 in. (250 mm). The minimum clearance 
in front of the panelboard from the front to the opposite concrete block wall is not 
permitted to be less than: 
A. 24 in. (600 mm). C. 3 ft (900 mm). E. 4ft(1.2 m). 
B. 30 in. (750 mm). D. 31/2 ft (1m). 


Codereference 

10. Receptacles, rated 125 volts, 20 amperes, are installed on a construction site for the 

purpose of supplying power for portable equipment. These receptacles are not per- 

mitted to be: 

A. of the grounding type. 

B. supplied with Type NM-B Cable if the building is more than three floors in 
height. 
installed on branch-circuits that also supply temporary lighting. 
supplied with Type NM-B Nonmetallic-Sheathed Cable except for dwellings. 
ground-fault circuit-interrupter protected. 


moo 


Codereference 

11. Type SE-R Service-Entrance Cable with three insulated conductors and a bare 

equipment grounding conductor contained within the outer nonmetallic sheath is 

used as a feeder to provide power from the service panel to a panelboard located in 

another part of the building. The cable run along the flat surface of structural mate- 

rials is required to be supported at intervals not to exceed: 

A. 1ft(300 mm). C. 3 ft (900 mm). E. 6 ft(1.8 m). 

B. 2 ft (600 mm). D. 41/2 ft (1.4 m). 


Code reference 
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12. Electrical Nonmetallic Tubing (ENT) is permitted to be installed: 

A. as concealed wiring in buildings of more than three floors where the walls, 
floors, and ceilings provide a thermal barrier that has at least a 15-minute finish 
fire rating. 

B. as concealed wiring in buildings of not more than three floors unless the walls, 
floors, and ceilings provide a thermal barrier that has at least a 1-hour finish fire 
rating. 

C. for exposed work in buildings of any height. 

D. asconcealed wiring only if the walls, floors, and ceilings provide a thermal bar- 
rier that has at least a 15-minute finish fire rating. 

E. as concealed wiring in buildings of any height with no requirement the walls, 
floors, or ceiling have a fire rating. 


Codereference. 
13. A runof Rigid M etal Conduit contains three size 3/0 AWG Type THWN conductors 
and six size 8 AWG TypeTHHN conductors. The minimum size RM C permitted for 
these circuits is: 
A. trade size 11/4 (35). D. trade size 21/2 (63). 
B. trade size 11/2 (41). E. trade size 3 (78). 
C. trade size 2 (53). 
Codereference 
14. A junction box has two Type NM-B cables size 12-3 AWG with ground and one 
Type NM -B Cable size 8-3 AWG with ground. The box has a blank cover. The min- 
imum trade size box from the following list permitted for these conductors is: 
4 x 21/8 in. (100 x 54 mm) octagonal. 
4 x 21/8 in. (100 x 54 mm) round. 
4 x 11/2 in. (100 x 38 mm) square. 
411/16 x 11/4 in. (120 x 32 mm) square. 
411/16 x 21/8 in. (120 x 54 mm) square. 


mOOD> 


Codereference 

15. Several runs of Electrical M etallic Tubing enter adjacent sides of a pull box. On one 
side of the box are trade size 4 (103) and two trade size 2 (53) runs of EMT, and from 
the adjacent size there are two trade size 4 (103) runs of EMT. All conductors are 
size 4 or larger. The pull box is required to have dimensions not less than: 

24 in. X 24 in. (618 mm x 618 mm). 

28 in. X 28 in. (724mm x 724 mm). 

24 in. X 32 in. (618 mm x 812 mm). 

26 in. X 30 in. (660 mm x 762 mm). 

24 in. X 36 in. (610 mm x 914 mm). 


mOOD> 


Codereference 
16. An 80 ft (24.38 m) horizontal run of trade size 2 (53) schedule 40 Rigid Nonmetallic 

Conduitin a parking garage will experience a change in temperature of 110°F (61.1°C) 
throughout the year. The change in length of this run of Rigid Nonmetallic Conduit 
throughout a year is approximately: 
A. 1.50 in. (38.1 mm). D. 3.57 in. (90.6 mm). 
B. 1.94 in. (49.3 mm). E. 4.46 in. (113.3 mm). 
C. 2.43 in. (61.7 mm). 

Code reference 
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17. A single-family dwelling has a living area of 3100 sq. ft (288.0 m?). All circuits for 
general illumination, in addition to those for small appliance, laundry and the bath- 
room receptacles, are rated at 15 amperes. The minimum number of general illumi- 
nation branch-circuits permitted for this dwelling is: 

A. two. C. four. E. Six. 
B. three. D. five. 


Codereference 
18. An electric range rated 18.4 kW is installed in a single-family dwelling. The mini- 
mum demand load permitted to be used to determine the rating of the circuit is: 
A. 8.0kVA. C. 10.4 kVA. E. 18.4kVA. 
B. 88kVA. D. 10.56 kVA. 


Code reference 


19. 


na dwelling, the light for a stairway is required to be controlled from each level: 
if there are six risers or steps or more. 

if there is an exit to the outside of the dwelling from both levels. 

if there are more than four steps. 

if there is a change in elevation in a step and not a ramp. 

unless the light is controlled by a circuit breaker. 


mOOD> 


Codereference 
20. A 208/120-volt, 4-wire feeder supplies power from one building to a separate build- 
ing on the same property. The feeder is protected by a 100-ampere overcurrent 
device in the first building. The property management does not have a qualified elec- 
trician on site at all times. The disconnecting means for the second building is: 
A. required to be located at the first building. 
B. permitted to be located on the outside of the second building. 
C. required to be located inside the second building at the nearest practical point 
where the conductors enter the building. 
D. permitted to be located inside the first building. 
E. required to be located on the outside of the second building near the point of 
entry of the conductors to the building. 


Codereference. 

21. A service has a calculated demand load of 405 amperes. The service-entrance con- 

ductors are copper with 75°C rated insulation and terminations. The service con- 

ductors terminate at six disconnecting means arranged in one location that add up to 

a combined rating of 600 amperes. The minimum size copper conductors permitted 

for this service is: 

A. 500 kcmil. C. 700 kcmil. E. 800 kcmil. 

B. 600 kcmil. D. 750 kcmil. 


Codereference 
22. A single-family dwelling with a total living area of 2300 sq. ft (213.7 m’) is served with 

a single-phase 120/240-volt electrical system. A ppliances in the dwelling are a 12-kW 
electric range and a 5-kW electric clothes dryer operating at 120/240 volts, a 4.5-kW, 
240-volt electric water heater, a 1.2-kW, 120-volt dishwasher, a 4/2-horsepower, 120- 
volt garbage disposer, and a central air-conditioner with a nameplate rated load current 
of 17 amperes at 240 volts. The minimum service demand load for the dwelling using 
the optional method of 220.82 is: 
A. 101 amperes. D. 148 amperes. 
B. 125 amperes. E. 160 amperes. 
C. 130 amperes. 

Code reference 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Review 495 


23. A multifamily dwelling has 18 living units all provided with an electric range. Six 
of the units have 14-kW electric ranges, eight have 10-kW electric ranges, and four 
units have 12-kW electric ranges. For the purpose of determining the demand load 
for the building, the average rating of electric range is: 

A. 11.8kVA. C. 12.7 kVA. E. 14.0 kVA. 
B. 12.0 kVA. D. 13.2 kVA. 


Codereference. 

24. A 480/277-volt, 4-wire service to a building consists of two parallel sets of 

600 kcmil copper conductors run underground from a transformer in separate Rigid 

Nonmetallic Conduit. A metal water pipe from underground serves the building and 

is used as a grounding electrode for the service. The minimum size grounding elec- 

trode conductor permitted from the main disconnect to the water pipe is: 

A. 4AWG. C. 2/0AWG. E. 4/0AWG. 

B. 2AWG. D. 3/0AWG. 


Codereference 
25. An existing building on the same property is supplied 120/240-volt single-phase 
power from another building. The second building is supplied from a 4-wire feeder 
with two ungrounded conductors, a neutral conductor, and an equipment grounding 
conductor. The neutral conductor at the second building is: 
A. not permitted to be connected to a grounding electrode at either building. 
B. required to be bonded to the equipment grounding conductor at the load end in 
the second building. 
C. required to be bonded to the disconnect enclosure in the second building and 
connected to a grounding electrode. 
D. only permitted to be connected to a grounding electrode at the second building. 
only permitted to be connected to a grounding electrode and bonded to the dis- 
connect enclosure at the supply end of the feeder in the first building. 


m 


Codereference. 

26. A feeder in an industrial building is protected with 800-ampere fuses and has the 

ungrounded conductors run as two parallel sets of copper conductors in individual 

Rigid N onmetallic Conduits. The conductors in each conduit are size 500 kcmil. The 

minimum size copper equipment grounding conductor required to be run in parallel 

in each conduit is: 

A. 3AWG. C. 1AWG. E. 2/0AWG. 

B. 2AWG. D. 1/0AWG. 


Codereference 
27. A permanent swimming pool is installed in a large backyard at a dwelling and at 
least one general-purpose receptacle that is ground-fault circuit-interrupter protected 
for personnel is required to be installed not more than 20 ft (6 m) from the inside 
edge of the pool. This receptacle is not permitted to be installed closer from the 
inside edge of the pool than: 


A. 5 ft (1.5m). D. 12 ft (3.7 m). 
B. 6 ft (1.83 m). E. 15 ft (4.5 m). 
C. 10 ft(3m). 


Code reference 
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28. A tap is made to supply a load protected by a 50-ampere circuit breaker. The feeder 
conductors are size 250 kcmil copper and the feeder is rated 208/120-volts protected 
with a 250-ampere circuit breaker. All conductors are copper with insulation and ter- 
minations rated 75°C. The distance from the tap point on the feeder to the 50-ampere 
circuit breaker is 22 ft (6.7 m). The minimum tap conductor size permitted for this 


installation is: 
A. 4AWG. C. 2AWG. E. 250 kcmil. 
B. 3AWG. D. 1AWG. 


Codereference 
29. The service equipment or a disconnecting means listed as suitable for use as service 
equipment is required to be installed adjacent to a mobile home and within sight of 
the mobile home and located from the exterior wall of the mobile home not more 


than: 
A. 25 ft (7.5 m). C. 35 ft(11m). E. 50ft(15 m). 
B. 30 ft(9m). D. 40 ft(12 m). 


Codereference 
30. A 200-ampere panelboard is supplied with a 120/240-volt, 3-wire electrical supply 
containing a neutral conductor. The 12-space panelboard contains only six two-pole 
circuit breakers, one rated at 100 amperes, three rated at 40 amperes, and two rated at 
20 amperes. The neutral conductor is only used with the 100-ampere circuit breaker. 
This panelboard is rated as a: 


A. lighting and appliance branch-circuit panelboard. 
B. panelboard with no other classification. 

C. sub-panel. 

D. load center. 

E; 


heavy-duty panelboard. 
Codereference 
31. A motor and driven machine are located within sight of the controller and a fusible 
switch capable of being locked in the open position is located within sight of the 
controller but not within sight of the motor or driven machine. This installation is 
permitted: 
A. if thereis an additional disconnect located between the controller and the motor 
and within sight of the motor and driven machine 
B. in any type of occupancy. 
C. only ina commercial occupancy where there are qualified personnel on duty to 
service the installation. 
D. even if the disconnect cannot be locked in the open position as long as a warn- 
ing label can be attached to the disconnect during servicing. 
E. because the fuses can be removed from the disconnect during servicing. 


Codereference 
32. A 3-phase, design B , 50-horsepower induction motor is rated 60 amperes at 460 volts. 
Circuit conductors are copper with 75°C insulation and terminations. The minimum 
size copper conductors permitted to supply this motor is: 
A. 8AWG. C. 4AWG. E. 2AWG. 
B. 6AWG. D. 3AWG. 


Code reference 
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33. A 3-phase, design B, 40-horsepower induction motor is rated 48 amperes at 460 volts. 
The circuit conductors are size 6 AWG copper. The motor is powering an easy start- 
ing load. The maximum standard rating time-delay fuse permitted to provide short- 
circuit and ground-fault protection for the circuit is: 

A. 60 amperes. D. 90 amperes. 
B. 70 amperes. E. 100 amperes. 
C. 80 amperes. 
Codereference 

34. Three induction motors are supplied by a single feeder. There are two 40-horsepower, 
3-phase, design B, 460-volt motors and one 50-horsepower, 3-phase, design B, 460-volt 
motor. The feeder conductor is copper with 75°C insulation and terminations. The min- 
imum size conductor permitted as a feeder to supply these motors is: 

A. 1AWG. C. 2/0AWG. E. 4/0AWG. 
B. 1/0AWG. D. 3/0AWG. 


Codereference 

35. A 75-kVA 3-phase transformer is tapped to a 480/277-volt feeder to supply a 

200-ampere 208/120 volt panelboard. The distance from the feeder tap point through 

the transformer to the panelboard is less than 25 ft (7.5 m). It is permitted to tap the 

transformer directly to feeder without an overcurrent device protecting the trans- 

former primary provided the feeder overcurrent device is not rated higher than: 

A. 200 amperes. C. 250 amperes. E. 400 amperes. 

B. 225 amperes. D. 300 amperes. 


Codereference 

36. A 50-kVA single-phase transformer supplies 120/240-volt, 3-wire power to a panel- 

board with a 200-ampere main circuit breaker. The secondary conductors from the 

transformer to the panelboard are size 3/0 AWG copper. The structural steel of the 

building is effectively grounded and is used as the grounding electrode for the sepa- 

rately derived system. The minimum size copper grounding electrode conductor 

permitted from the transformer secondary system to the structural steel is: 

A. 6AWG. C. 3AWG. E. 1/OAWG. 

B. 4AWG. D. 2AWG. 


Codereference 
37. A trade size 1 (27) Rigid Metal Conduit enters a NEMA 7 explosionproof motor 
starter installed in a Class 1, Division 1 classified hazardous area. The seal placed in 
the conduit is not permitted to be located a distance from the motor starter enclosure 


more than: 
A. 6in. (150 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 3 ft (900 mm). 


C. 18 in. (450 mm). 
Codereference 
38. A gasoline dispenser at a service station is supplied with 120-volt power from a circuit 
breaker panelboard where the circuit breaker will act as the disconnecting means for 
the dispenser. The circuit breaker permitted to serve as the dispenser disconnect is: 
a single-pole circuit breaker. 
a single-pole, ground-fault circuit-interrupter circuit breaker. 
a single-pole, arc-fault circuit interrupter. 
an instantaneous trip circuit breaker. 
a 2-pole switched neutral circuit breaker. 


mOOm> 


Code reference 
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39. An intrinsically safe circuit runs from a control panel containing electronic barriers 
located in a nonclassified area to control devices located in a Class | hazardous loca- 
tion. The intrinsically safe circuits are run in a cable and not in raceway through the 
nonclassified area. The minimum separation distance from the intrinsically safe cir- 
cuit cable to other power circuit cable shall not be less than: 


A. Y2in. (13 mm). D. 2 in. (50 mm). 
B. 3/4in. (19 mm). E. 6 in. (150 mm). 
C. lin. (25 mm). 


Codereference 
40. A hospital has a demand load on the essential electrical system of more than 150 kVA. 
A single standby generator supplies the equipment system, the critical branch, and the 
life safety branch. Upon a loss of normal utility power to the hospital, the equipment 
system is: 
required to be energized in not more than 10 seconds. 
permitted to be completely or partially transferred to the generator manually. 
required to be started simultaneously along with the emergency system. 
permitted to be started simultaneously along with the emergency system. 
required to have power restored automatically with an appropriate time-lag. 


mOOD> 


Codereference 
41. For acritical care area in a hospital, each patient bed location is required to be pro- 
vided with two branch-circuits: 
one of which shall originate from the emergency electrical system. 
both of which shall originate from the emergency electrical system. 
both of which shall originate from the normal electrical system. 
with not less than two receptacles connected to each branch-circuit. 
that are permitted to originate from any electrical system desired. 


mOOD> 


Codereference 
42. Fire alarm cables installed in a room with a non-fire-rated suspended ceiling grid of 

an existing building are not permitted to be supported by the ceiling grid: 

A. unless there are no more than three cables in any 10 ft by 10 ft (3 m by 3 m) 
area. 

B. except where there is a maintenance electrician. 

C. unless the cables have a diameter not more than 1/2 in. (13 mm) and there are no 
more than three cables across any one ceiling tile. 

D. unless only one cable is across any one ceiling tile. 

E. in any type of building. 


Codereference 
43. The authority having jurisdiction may rule in some situations that the electrical sup- 

ply for an emergency panel is permitted to be: 

A. a tap to the normal service conductors entering the building provided the tap is 
made ahead of the main service disconnect. 

B. acircuit in the first panelboard of the normal power system. 

C. atap to the normal service made at the main lugs of the disconnect. 

D. a separate and independent service to the building supplying only the emer- 
gency panelboard. 

E. any circuit from the normal power system in the building. 


Code reference 
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44, A 50-horsepower, 460-volt, 3-phase, design B fire pump motor in a building is sup- 
plied with copper conductors size 4 AWG with 75°C insulation and terminations. 
The fire pump circuit is protected with a fusible disconnect. The minimum rating 
fuse permitted for the circuit is: 
A. 90 amperes. D. 350 amperes. 
B. 100 amperes. E. 400 amperes. 
C. 300 amperes. 
Codereference. 
45. When installing optical fiber cables in raceway with no electrical conductors in the 
raceway: 
A. only one cable is permitted for each raceway. 
B. the fill requirements that apply to electrical conductors do not apply to optical 
fiber cables. 
C. the cross-sectional area of the cables is not permitted to exceed 20% of the area 
of the raceway. 
D. the cross-sectional area of the cables is not permitted to exceed 40% of the area 
of the raceway. 
E. amaximum of three cables are permitted in a raceway. 


Codereference 
46. A ladder-type cable tray supports TC multiconductor power cables with Type X HHW 
copper conductors. There are four 3-conductor cables size 500 kcmil with a diameter of 
2.26 in. (57.4 mm), five 4-conductor cables size 3/0 AWG with a diameter of 1.58 in. 
(40.0 mm) and a cross-sectional area of 1.96 sq. in. (1264 mm*). There is no maintained 
air space between conductors. The 3-conductor cables are in a single layer and the 
4-conductor cables are in a double layer. The minimum width of cable tray permitted 
for this installation is: 
A. 9in. (225 mm). D. 24 in. (600 mm). 
B. 12 in. (300 mm). E. 30 in. (750 mm). 
C. 18in. (450 mm). 
Codereference 
47, The minimum number of duplex receptacles required to be installed in an elevator 
machine room or space is: 
one. 
two. 
three. 
as many as desired because no minimum requirement is established. 
none because a single receptacle is permitted. 


mOOD> 


Codereference. 
48. A strut-type channel raceway, trade size 19/s by 1, is installed across the ceiling of a 

commercial storage area to support wiring and luminaires (lighting fixtures). Internal 
joiners are used to connect the strut channel sections. The conductors installed in the 
strut channel are size 12 AWG copper Type THWN with 75°C terminations. The 
maximum number of conductors permitted to be installed in the strut channel is: 
A. 11, C;. 21, E. 34. 
B. 19. D. 28. 

Code reference 
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49, The suspended ceiling of a restaurant classified as a place of assembly has a 
15-minute finish fire rating. The space above the ceiling is not used as a plenum for 
environmental air. A wiring method not permitted to be used in the space above the 
suspended ceiling is: 

Type MC Cable. 

Electrical Nonmetallic Tubing (ENT). 

Flexible M etal Conduit. 

all are permitted. 

Electrical M etallic Tubing (EMT). 


MOODS 


Codereference 

50. Conductors for border and pocket lighting in the stage area of an auditorium are run in 
metal wireway. The cross-sectional area of the conductors does not exceed 20% of the 
cross-sectional area of the wireway. A djustments to the ampacity of conductors: 

shall be applied for more than 3 current-carrying conductors. 

shall be applied for more than 9 current-carrying conductors. 

shall be applied for more than 30 current-carrying conductors. 

is a fixed 0.8 whenever there are more than twelve conductors. 

do not apply in this application. 


mOOD> 


Code reference 
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Annex A-1 Common English distances and the metric equivalent frequently used in the Code. 


English Distance Rounded M etric Actual M etric Difference 
Yq in. 6 mm 6 mm 
1/2 in. 13. mm 13. mm 
3/8 in. 16 mm 16 mm 
3/4 in. 19 mm 19 mm 
1 in. 25 mm 25 mm 
14/2 in. 38 mm 38 mm 
2 in. 50 mm 51 mm 
21/2. in. 65 mm 64 mm 
3 in. 75 mm 76 mm 
31/2 in. 90 mm 89 mm 
4 in. 100 mm 102 mm -l16 in. 
6 in. 150 mm 152 mm -l16 in. 
8 in. 200 mm 203 mm -Yg_ in. 
12 in. 300 mm 305 mm -3/16 in. 
18 in. 450 mm 457 mm -Ya in. 
20 in. 500 mm 508 mm -3/16 in. 
24 in. 600 mm 610 mm -3/g in. 
30 in. 750 mm 762 mm -7/16 in. 
3 ft 900 mm 914 mm -9/16 in. 
34/2 ft 1m 1.067 m -25/8 in. 
4 ft 1.2 m 1.219 m -3/4 in. 
Al/2 ft 1.4 m 1.372 m -14/16 in. 
5. tt 1.5 m 1.524 m -15/16 in. 
6 ft 1.8 m 1.829 m -1/g in. 
7 ft 2.1 m 2.134 m -15/16 in. 
8 ft 2.5 m 2.438 m -27/16 in. 
10 ft 3m 3.048 m -17/8 in. 
12 ft 3.7 m 3.658 m -15/g in. 
14 ft 43 m 4.267 m -15/16 in. 
15 ft 45 m 4.572 m -213/16 in. 
16 ft 49 m 4.877 m 7/8 in. 
18 ft 55 m 5.486 m 9/16 in. 
20 ft 6m 6.096 m - 33/4 in. 
25 ft 7.5 3m 7.620 m -411/16 in. 
30 ft 9m 9.144 m -511/16 in. 
35 ft 11 m 10.668 m 134/16 in. 
40 ft 12 m 12.192 m -79/16 in. 
50 ft 15 om 15.240 m -97/16 in. 
75 ft 22.5 m 22.860 m - 143/16 in. 
100 ft 30 m 30.480 m -187/8 in. 
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Annex A-2 Metric unit and in.-pound unit conversions. 


Length: 

in. X 25.4 =millimeters (mm) millimeters / 25.4 =inches (in.) 

ft x 0.3048 = meters (m) meters x 3.28 feet (ft) 

miles < 0.62 = kilometers (km) kilometers < 1.61 = miles (mi) 
Area: 

in2 x 645 =mm mm? / 645 =in 

mm? / 100 = cm? cm? X 100 = mm 

ft? x 0.0929 =m? m? x 10.76 =ft? 

acre X 43,560 =ft? ft? / 43,560 = acres 

hectares < 10,000 =m? m? / 10,000 = hectares 

acres X 0.4047 = hectares hectares < 2.471 = acres 
Volume: 

in? X 16.387 =cm? cm? / 16.387 =in? 

gallons x 3.785 = liters liters X 0.264 = gallons 

gallons x 0.1336 = ft ft x 7.48 = gallons 

liters x 0.001 =m? m? X 1000 = liters (I) 

ft? x 28.32 =liters liters x 0.0535 =ft? 

gallons x .003784 = m> m> X 264.2 = gallons (gal) 
Weight: 

pounds x 0.454 = kilograms (kg) kilograms x 2.20 pounds (Ib) 
Force: 

pounds X 4.448 =Newtons (N) Newtons X 0.2248 = pounds 
Torque: 

pound-ft x 1.357 =Newton-meters (Nm) Newton-meters xX 0.737 = pound-ft 

pound-in x 0.1130 =N ewton-meters Newton-meters x 8.850 = pound-in. 
Pressure: 

psi X 6.9 =kilopascals (kPa) kilopascals x 0.145 = psi 

in. of water X 249.3 =pascals (Pa) Pascals x 0.00401 =in. of water 

psi X 27.68 =in. of water in. of water 3 0.0361 = psi 
Air or Vapor Flow Rate: 

cubic ft per minute x 0.0283 = m?/minute m?/minute x 35.3 = cubic ft per minute (cfm) 

ft? per hour X 28,339 =cm? per hour cm? per hour X 0.0000353 = ft? per hour 
Power: 

horsepower X 746 = watts (W) kilowatts (kW) x 1.34 = horsepower (hp) 


horsepower X 33,000 = ft-pounds per minute 
kilowatts x 3,413 =Btu/hour 


Annex A-3 Conduit and tubing trade sizes and equivalent metric designators. 


3/8 in. 12 21/2 in. 63 
1/2 in. 16 3 in. 78 
3/4 in. 21 31/2 in. 91 
lin. 27 4 in. 103 
11/4 in. 35 5 in. 129 
14/2 in. 41 6in. 155 
2 in. 53 
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2. A BC DE 
ef A BC DE 
4. A BC DE 
5, A BC DE 
6. A BC DE 
7, A BC DE 
8. A BC DE 
9, A BC DE 
10. A BC DE 
11. A BC DE 
12. A BC DE 
13; A BC DE 
14. A BC DE 
15. A BC DE 
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cable trays, 399-401 
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Article 394 
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Article 396 
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M essenger-Supported Wiring, 102 
Article 398 
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Article 400 
flexible cords and cables, 102 
Article 402 
fixture wires, 103 
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snow-melting equipment, 105 
Article 427 
fixed electric heating equipment for 
pipelines and vessels, 401-402 
major 2008 Code changes, 412-413 
Article 430 
major 2008 Code changes, 256-257 
motors, motor circuits, and 
controllers, 236-237 
Article 440 
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271 
Article 455 
phase converters, 237-239 
Article 460 
capacitors, 239 
Article 470 
resistors and reactors, 240 


Article 480 
major 2008 Code changes, 378 
storage batteries, 356 
Article 490 
equipment, over 600 volts nominal, 
402 
major 2008 Code changes, 413 
Article 500 
hazardous (classified) locations, 308 
major 2008 Code changes, 319 
Article 501 
Class | locations, 308 
major 2008 Code changes, 319-320 
Article 502 
Class II locations, 308 
major 2008 Code changes, 320 
Article 503 
Class III locations, 308 
Article 504 
intrinsically safe systems, 308-309 
major 2008 Code changes, 320-321 
Article 505 
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309-311 
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Article 506 
major 2008 Code changes, 321-322 
Zone 20, 21, and 22 locations for 
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flyings, 311-312 
Article 510 
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specific, 312 
Article 511 
commercial garages, repair and 
storage, 312 
major 2008 Code changes, 322 
Article 513 
aircraft hangars, 312 
major 2008 Code changes, 322 
Article 514 
major 2008 Code changes, 322 
motor fuel dispensing facilities, 
312-313 
Article 515 
bulk storage plants, 313 
major 2008 Code changes, 323 
Article 516 
major 2008 Code changes, 323 
spray applications, dipping, and coat- 
ing processes, 313 
Article 517 
health care facilities, 335-338 
major 2008 Code changes, 343-344 
Article 518 
assembly occupancies, 431 
major 2008 Code changes, 438-439 
Article 520 
major 2008 Code changes, 465-466 
theaters and similar locations, 453-454 
Article 522 
installation of control system, 455 
major 2008 Code changes, 466-467 
Article 525 
carnivals, circuses, fairs, and similar 
events, 455-456 
major 2008 Code changes, 467 
Article 530 
motion picture and television studios 
and similar locations, 456 
Article 540 
motion picture projection rooms, 456 


Article 545 
manufactured buildings, 431 
Article 547 
agricultural buildings, 456-458 
major 2008 Code changes, 467-468 
Article 550 
major 2008 Code changes, 221-222 
mobile homes, manufactured homes, 
and mobile home parks, 205-206 
Article 551 
major 2008 Code changes, 223 
recreational vehicles and recreational 
vehicle parks, 206-208 


Article 552 

park trailers, 208 
Article 553 

floating buildings, 459 
Article 555 


major 2008 Code changes, 468-469 
marinas and boatyards, 460 
Article 590 
major 2008 Code changes, 39 
temporary installations, 25 
Article 600 
electric signs and outline lighting, 
431-432 
major 2008 Code changes, 439-440 
Article 604 
major 2008 Code changes, 440 
manufactured wiring systems, 432 
Article 610 
cranes and hoists, 402 
major 2008 Code changes, 413 
Article 620 
elevators, dumbwaiters, escalators, 
moving walks, wheelchair lifts, 
and stairway chair lifts, 432-434 
major 2008 Code changes, 441-442 
Article 625 
electric vehicle charging systems, 
460-461 
major 2008 Code changes, 469 
Article 626 
for electric truck parking spaces, 
461-462 
major 2008 Code changes, 469-470 
Article 630 
electric welders, 402-404 
Article 640 
audio signal processing, amplification, 
and reproduction equipment, 462 
major 2008 Code changes, 470 
Article 645 
major 2008 Code changes, 442 
Article 647 
major 2008 Code changes, 442 
sensitive electronic equipment, 
434-438 
Article 650 
pipe organs, 462 
Article 660 
X-ray equipment, 339 
Article 665 
induction and dielectric heating 
equipment, 404 
major 2008 Code changes, 413 
Article 668 
electrolytic cells, 405 
Article 669 
electroplating, 405 
Article 670 
industrial machinery, 405 
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Article 675 
electrically driven or controlled irri- 
gation machines, 240 
major 2008 Code changes, 258 
Article 680 
major 2008 Code changes, 182-185 


swimming pools, fountains, and simi- 


lar installations, 166-167, 339 
Article 682 
major 2008 Code changes, 470 
natural and artificially made bodies 
of water, 462-463 
Article 685 
integrated electrical systems, 240 
Article 690 
major 2008 Code changes, 378-380 
solar photovoltaic systems, 356-357 
Article 692 
fuel cell systems, 357 
major 2008 Code changes, 380 
Article 695 
fire pumps, 357-358 
major 2008 Code changes, 380 
Article 700 
emergency systems, 358-359 
major 2008 Code changes, 380-381 
Article 701 
legally required standby systems, 
359 
major 2008 Code changes, 381 
Article 702 
major 2008 Code changes, 381 
optional standby systems, 359-360 
Article 705 


interconnected electric power produc- 


tion sources, 360 
major 2008 Code changes, 381-383 
Article 708 
major 2008 Code changes, 383-384 
wiring system, 360 
Article 720 
circuits and equipment operating at 
less than 50 volts, 105 
Article 725 
Class 1, 2, and 3 remote-control, sig- 
naling, and power-limited circuits, 
105-106 
major 2008 Code changes, 118 
Article 727 
instrumentation tray cable, 405-406 
major 2008 Code changes, 413-414 
Article 760 
fire alarm systems, 360 
major 2008 Code changes, 384-385 
Article 770 
major 2008 Code changes, 414-415 
optical fiber cables and raceways, 
406 
Article 800 
communication circuits, 463-464 
major 2008 Code changes, 470-471 
Article 810 
major 2008 Code changes, 471 
radio and television equipment, 464 
Article 820 
community antenna television and 
radio distribution, 465 
major 2008 Code changes, 471 
Article 830 
major 2008 Code changes, 471 


network-powered broadband commu- 


nications systems, 465 


Assembly occupancies 
Art. 518, 431 
major 2008 Code changes 
Art. 518, 438-439 
Audio signal processing, amplification, 
and reproduction equipment 
Art. 640, 462 
Autotransformer, 272 
Auxiliary gutters 
Art. 366, 58 


B 
Bolted fault, 209 
Boost and buck transformer, 277-278 
overcurrent protection, 285-286 
Boxes 
Art. 314, 51-52 
major 2008 Code changes 
Art. 314, 78 
sizing, 71-73 
Branch-circuits 
Art. 210, 95-101 
Art. 220, Parts | and I! calculations, 
101 
major 2008 Code changes 
Art. 210, 111-115 
Art. 220, Parts | and II, 101 
British thermal unit, 13 
Bulk storage plants 
Art. 515, 313 
Busways 
Art. 368, 398 


Cc 
Cabinets 
Art. 312, 51 
Cablebus 
Art. 370, 398-399 
Cable trays 
Art. 392, 399-401 
major 2008 Code changes 
Art. 392, 412 
Calculator, using, 2-3 
Capacitors 
Art. 460, 239 
Carnivals, circuses, fairs, and similar 
events 
Art. 525, 455-456 
major 2008 Code changes 
Art. 525, 467 
Cellular concrete floor raceways 
Art. 372, 427-428 
Cellular metal floor raceways 
Art. 374, 428 
Chapter 9 
conductor properties, 25 
notes to tables, 59 
Circuit and outlet requirements, 106-108 
Circuits, 10-12 
Art. 720, 105 
calculations, 105 
parallel, 11 
series, 11-12 
Circular Mils, 5 
Class I, Zone 0, 1, and 2 locations 
Art. 505, 309-311 
major 2008 Code changes 
Art. 505, 321 
Class | locations 
Art. 501, 308 
major 2008 Code changes 
Art. 501, 319-320 
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Class II locations 
Art. 502, 308 
major 2008 C ode changes 
Art. 502, 320 
Class II| locations 
Art. 503, 308 
Code discussion, 427-438 
major 2008 Code changes, 438-442 
Commercial garages, repair and storage 
Art. 511, 312 
major 2008 C ode changes 
Art. 511, 322 
Commercial service calculation, 141-143 
Commercial wiring applications, 
427-442 
Communication circuits 


Art. 800, Parts II, II], IV, and V, 
463-464 
major 2008 Code changes 


Art. 800, 470-471 
Community antenna TV and radio distri- 
bution systems 
Art. 820, Parts Il and IV, 465 
major 2008 Code changes 
Art. 820, 471 
Concealed K nob-and-Tube Wiring 
Art. 394, 25 
Conductors for general wiring 
Art. 310, 20-21 
major 2008 Code changes 
Art. 310, 36-37 
parallel sets 
sizing, 76-78 
properties 
Chapter 9, 25 
protecting, 61-62, 199-209 
sizing 
calculation methods, 70 
Code discussion, 51-61 
major 2008 Code changes, 78-82 
Conduit and tubing 
nipples, sizing, 69 
sizing, 69 
tables, Annex C, 60 
Conduit bodies 
Art. 314, 51-52 
major 2008 Code changes 
Art. 314, 78 
sizing, 76 
Cranes and hoists 
Art. 610, 402 
major 2008 Code changes 
Art. 610, 413 
Current formula, 10 
Cutout boxes 
Art. 312, 51 


D 
Definitions 

Art. 100, 16-17 

major 2008 Code changes 

Art. 100, 32-33 

Direct current, 3 
Dry transformer, 272 
Dust-ignitionproof equipment, 317-318 


E 
Efficiency, 14 
Electrical installation requirements 
Art. 110, 17-18 
major 2008 Code changes 
Art. 110, 33-34 
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Electrically driven or controlled irriga- 
tion systems 
Art. 675, 240 
major 2008 Code changes 
Art. 675, 258 
Electrical M etallic Tubing 
Art. 358, 57 
major 2008 Code changes 
Art. 358, 81 
Electrical Nonmetallic Tubing 
Art. 362, 57 
major 2008 Code changes 
Art. 362, 81 
Electrical shock, 170-171 
Electrical system 
grounding, 171 
which conductor to ground, 171 
single-phase, 174 
3-phase, 175-176 
Electricity 
AC and DC, 3-4 
circuits, 10-12 
efficiency, 14 
Ohm's Law, 9-10 
power and work formulas, 12-14 
wire dimensions, 5-6 
wire resistance, 7-9 
Electric range for a dwelling, calcula- 
tions, 108-111 
Electric signs and outline lighting 
Art. 600, 431-432 
major 2008 Code changes 
Art. 600, 439-440 
Electric vehicle charging system 
equipment 
Art. 625, Part Il, 460-461 
major 2008 Code changes 
Art. 625, 469 
Electric welders 
Art. 630, Parts II and Ill, 402-404 
Electrolytic cells 
Art. 668, 405 
Electroplating 
Art. 669, 405 


Elevators, dumbwaiters, escalators, mov- 


ing walks, wheelchair lifts, and stair- 
way chair lifts 
Art. 620, Parts II-VI, 432-434 
major 2008 Code changes, 
441-442 
Emergency and alternate power 
systems 
Code discussion, 355-360 
emergency electrical systems, 360-367 
firealarm systems, 361-362 
major 2008 Code changes, 378-385 
wiring, 362-364 
Emergency electrical systems, 360-367 
Emergency systems 
Art. 700, Parts II to V, 358-359 
major 2008 Code changes 
Art. 700, 380-381 
Equipment grounding, 167-168 
parallel conductors, 169 
sizing conductors, 168-169 
Equipment over 600 volts nominal 
Art. 490, 402 
major 2008 Code changes 
Art. 490, 413 
Equipment ratings, 314 
Explosionproof enclosures, 314-315 


F 
Farm building demand load, 135-136 
Faults, 209 
Feeder and service calculations 
Art. 220, Parts Ill, IV, and V, 132-136 
major 2008 Code changes 
Art. 220, Parts III, IV, and V, 
147-148 
Feeders 
Art. 215, 129-132 
major 2008 Code changes 
Art. 215, 146-147 
Fire-alarm systems, 360-362 
major 2008 C ode changes 
Art. 760, 384-385 
wiring for, 362-364 
Fire pumps 
Art. 695, 357-358 
major 2008 Code changes 
Art. 695, 380 
Fixed electric heating equipment for 
pipelines and vessels 
Art. 427, 401-402 
major 2008 Code changes 
Art. 427, 412-413 
Fixed electric space heating equipment 
Art. 424, 105 
major 2008 Code changes 
Art. 424, 117 
Fixed outdoor electric de-icing and 
snow-melting equipment 
Art. 426, 105 
Fixture wires 
Art. 402, 103 
Flammable fibers/flyings, 318 
Flat cable assemblies 
Art. 322, 427 
Flat Conductor Cable 
Art. 324, 22 
Flexible cords and cables 
Art. 400, 102 
Flexible M etal Conduit 
Art. 348, 53 
Flexible M etallic Tubing 
Art. 360, 57 
Floating buildings 
Art. 553, 459 
Fuel cell systems 
Art. 692, 357 
major 2008 Code changes, 380 


G 
Gasoline dispensing and service stations 
Art. 514, 312-313 
major 2008 Code changes 
Art. 514, 322 
Generators 
Art. 445, 355-356 
major 2008 Code changes 
Art. 445, 378 
Grounded conductors 
Art. 200, 18 
Ground fault protection, 342-343 
Grounding and bonding 
Code discussion, 159-167 
electrical shock, 170-171 
electrical system, 171 
single-phase, 174 
three-phase, 175 
types and voltages, 173-174 
which conductor to ground, 171 


equipment, 167-168 
sizing conductors, 168-169 
grounding electrode, 171-172 
high-impedance, 176-178 
for hospitals, 340-341 
major 2008 Code changes, 178-185 
parallel conductors, 172 
transformer, 290-291 
Grounding autotransformer, 272 
Grounding electrode conductor, 171 


H 
Harmonics, 278-279 
Hazardous (classified) locations— specific 
Art. 510, 312 
Hazardous locations 
Class I, I], and III, Divisions 1 and 2 
Art. 500, 308 
major 2008 Code changes 
Art. 500, 319 
Hazardous location wiring 
Code discussion, 307-313 
dust-ignitionproof equipment, 317-318 
equipment grounding and bonding, 317 
equipment ratings, 314 
explosionproof enclosures, objectives 
of, 314-315 
flammable fibers and flyings, 318 
major 2008 Code changes, 319-323 
sealing fittings, 315-316 
special occupancies, 318 
types of hazardous locations, 313 
Zone 20, 21, and 22 locations, 311 
Health care facilities 
Art. 517, Parts | to VII, 335-338 
major 2008 Code changes, 343-344 
Heat, 13 
Hertz, 4 
High Density Polyethylene Conduit 
(HDPE) 
Art. 353, 80 
High-impedance grounding, 176-178 
Horsepower, 13 
equation, 253 
Hospitals 
definition of areas within, 339-340 
grounding in, 340-341 
major 2008 Code changes 
Art. 517, 343-344 
receptacle requirements, 340 
required electrical systems, 342 


I 
Induction and dielectric heating 
equipment 
Art. 665, 404 
major 2008 Code changes 
Art. 665, 413 
ndustrial control panels 
Art. 409, 235 
major 2008 Code changes 
Art. 409, 256 
ndustrial electrical applications 
Code discussion, 397-406 
major 2008 Code changes, 412-415 
ndustrial machines 
Art. 670, 405 
nformation technology equipment 
major 2008 Code changes 
Art. 645, 442 
nput current, 277 


Copyright 2010 Cengage L earning. All Rights Reserved. M ay not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eB ook and/or eC hapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage L earning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


nstrumentation tray cable 
Art. 727, 405 
major 2008 Code changes 
Art. 727, 413-414 
ntegrated electrical systems 
Art. 685, 240 
ntegrated gas spacer cable 
Art. 326, 397 
nterconnected electric power produc- 
tion sources 
Art. 705, 360 
major 2008 Code changes 
Art. 705, 381-383 
ntermediate M etal Conduit 
Art. 342, 52 
major 2008 Code changes 
Art. 342, 79 
nterrupting ratings, 210-211 
ntrinsically safe systems 
Art. 504, 308-309 
major 2008 Code changes 
Art. 504, 320-321 
rrigation machines, electrically driven 
or controlled 
Art. 675, 240 
major 2008 Code changes 
Art. 675, 258 


J 
Joule, 13 


K 

Kemil, 5 

K ilowatt-hour, 13 

K -rated transformer, 278-279 
kVA ratings, 273-274 


L 
Legally required standby systems 
Art. 701, Part Ill, 359 
major 2008 Code changes 
Art. 701, 381 
Lighting fixtures and auxiliary 
equipment 
Art. 410, 104-105 
major 2008 Code changes 
Art. 410, 116-117 
Lighting systems operating at 30 volts 
or less 
Art. 411, 105 
major 2008 Code changes 
Art. 411, 117 
Liquidtight Flexible M etal Conduit 
Art. 350, 53-54 
Art. 356, 53-54 
major 2008 Code changes 
Art. 350, 80 
Liquidtight Flexible Nonmetallic 
Conduit 
Art. 350, 53-54 
Art. 356, 53-54 
major 2008 Code changes 
Art. 350, 80 


M 
Manufactured buildings 
Art. 545, 431 
M anufactured wiring systems 
Art. 604, 432 
major 2008 Code changes 
Art. 604, 440 


arinas and boatyards 

Art. 555, 460 

major 2008 Code changes 
Art. 555, 468-469 

aximum experimental safe gap 

(MESG), 313 

CM,6 

edium-voltage cable 

Art. 328, 22-23 

major 2008 C ode changes 
Art. 328, 37 

essenger-supported wiring 

Art. 396, 102 

major 2008 Code changes 
Art. 396, 115 

etal-Clad Cable 

Art. 330, 23 

major 2008 Code changes 
Art. 330, 37 

etallic wireways 

Art. 376, 58 

major 2008 Code changes 
Art. 376, 82 

eter Socket Enclosures 

Art. 312, 51 

etric conversions, 4-5 

il, 5 

ineral-insulated cable 

Art. 332, 23 

inimum ignition current (MIC) ratio, 

313 

obile homes, manufactured homes, 

and mobile home parks 

Art. 550, 205-206 

major 2008 Code changes 
Art. 550, 221-222 

M otion picture and TV studios and simi- 
lar locations 
Art. 530, 456 

M otion picture projectors 
Art. 540, 456 

M otor 
circuit, 242 
condensation in, 252-253 
controller, 242 
overload protection, 243-245 
Wye-Delta 254-255 

M otor-circuit wiring 
Adjustable-speed-drives, 253-254 
Code discussion, 235-241 
examples, Annex D, 240 
grounding, 250 
major 2008 Code changes, 256-257 
methods of motor control, 242 
motor circuit, 242 
motor-circuit component sizing 

examples, 246-249 

motor-control circuit wiring, 250-252 
motor nameplate, 241-242 
motor overload protection, 243-245 
remote-control circuit wires, 245 

M otors, motor circuits, and controllers 
Art. 430, Parts | to 1X, 236-237 
major 2008 Code changes 

Art. 430, 256-257 

M ultioutlet assembly 
Art. 380, 428-429 

M ultiwire branch-circuit 

Art. 100, 16-17 

major 2008 Code changes 
Art. 100, 32-33 
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N 
Nameplate, 241-242 
National Electrical Code®. See also 
individual articles 
Code discussion, 16-26 
Introduction 
Art. 90, 16 
major changes to 2008 Code, 32 
origin of, 1 
revision process, 1-2 
using to answer questions, 29-30 
National Electrical Manufacturers 
Association (NEMA), 242 
National Fire Protection Association 
(NFPA), 307 
Natural and artificially made bodies of 
water 
Art. 682, 462-463 
major 2008 Code changes 
Art. 682, 470 
Network-powered broadband communi- 
cations systems 
Art. 830, 465 
major 2008 Code changes 
Art. 830, 471 
Nonmetallic extensions 
Art. 382, 25 
major 2008 Code changes 
Art. 382, 39 
Nonmetallic-Sheathed Cable 
Art. 334, 23-24 
major 2008 Code changes 
Art. 334, 37 
Nonmetallic underground conduit with 
conductors 
Art. 354, 57 
major 2008 Code changes 
Art. 354, 81 
Nonmetallic wireways 
Art. 378, 58 
notes to tables 
Chapter 9, 59-60 


Oo 
Ohms, 7 
Ohm's Law, 9-10 
Oil-filled transformer, 272 
Open wiring on insulators 
Art. 398, 102 
Optical fiber cables and raceways 
Art. 770, 406 
major 2008 Code changes 
Art. 770, 414-415 
Optional standby systems 
Art. 702, 359-360 
major 2008 Code changes 
Art. 702, 381 
Outlets, lighting, appliances, and heating 
calculations for, 106-111 
Code discussion, 95-106 
major 2008 Code changes, 111-118 
Output current, 277 
Outside branch-circuits and feeders 
Art. 225, 101-102 
major 2008 Code changes 
Art. 225, 115 
Overcurrent protection 
Code discussion, 199-209 
faults, 209 
how damage occurs, 210 
fundamentals, 209-210 
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Overcurrent protection (continued) 
interrupting ratings of fuses and, 
210-211 
major 2008 Code changes, 
219-223 
overloads, 209 
voltage drop, 216-219 
Overloads, 209 


P 
Parallel circuit, 11 
Park trailers 
Art. 552, Parts Il and IV, 208 
Phase converters 
Art. 455, 237-239 
Pipe organs 
Art. 650, 462 
Power and control tray cable 
Art. 336, 24 
Power formulas, 12-13 
Primary current, 277 
Primary full-load current, 273 
Primary winding, 272 
Pull boxes, sizing, 73-74 


R 
Radio and television equipment 
Art. 810, 464 
major 2008 Code changes 
Art. 810, 471 
Recreational vehicles and recreational 
vehicle parks 


Art. 551, Parts II, Il, IV, V, and VII, 
206-208 

major 2008 Code changes 
Art. 551, 223 


Remote control circuit wires, 245 
Remote-control, signaling, and power- 
limited circuits 
Art. 725, 105-106 
major 2008 Code changes 
Art. 725, 118 
Resistance, 7-9 
Resistance formula, 8 
Resistivity, 8 
Resistors and reactors 
Art. 470, 240 
Rigid Metal Conduit 
Art. 344, 53 
major 2008 Code changes 
Art. 344, 79 
Rigid Nonmetallic Conduit 
Art. 352, 54-57 
major 2008 Code changes 
Art. 352, 80 


Ss 
Sealing fittings, 324-325 
Secondary current, 286 
Secondary full-load current, 273 
Secondary winding, 272 
Sensitive electronic equipment 
Art. 647, 434-438 
major 2008 Code changes 
Art. 647, 442 
Series circuit, 10-12 
Service-Entrance Cable 
Art. 338, 24 
major 2008 Code changes 
Art. 338, 38 
Service-entrance conductors, grounding 
parallel sets, 172-173 


Services 
Art. 230, 136-140 
major 2008 Code changes 
Art. 230, 148-149 
Services and feeder calculations 
Code discussion, 129-141 
commercial service calculation, 
141-143 
examples, Annex D, 140-141 
farm building demand load, 
145-146 
major 2008 Code changes, 146-149 
single-family dwelling demand load, 
143-145 
optional method, 145 
Sine wave, 4 
Single-family dwelling demand load, 
143-145 
optional method for calculating, 145 
Single-phase electrical system, 174 
Solar photovoltaic systems 


Art. 690, Parts II, III, IV, and VII, 
356-357 
major 2008 Code changes 


Art. 690, 378-380 
Special applications wiring 
Code discussion, 453-465 
major 2008 Code changes, 465-471 
Spray application, dipping, and coating 
processes 
Art. 516, 313 
major 2008 Code changes 
Art. 516, 323 
Step-down transformer, 272 
Step-up transformer, 272 
Storage batteries 
Art. 480, 356 
major 2008 Code changes 
Art. 480, 378 
Surface metal raceway 
Art. 386, 59 
Surface nonmetallic raceway 
Art. 388, 59 
major 2008 Code changes 
Art. 388, 82 
Surge arresters 
Art. 280, 164 
major 2008 Code changes 
Art. 280, 181 
Swimming pools, fountains, and similar 
installations 
Art. 680, 166-167 
major 2008 C ode changes 
Art. 680, 182-185 
Switchboards and panelboards 
Art. 408, 204-205 
major 2008 Code changes 
Art.408, 219-221 
Switches 
Art. 404, 103 
major 2008 Code changes 
Art. 404, 115 


T 
Temporary wiring 
Art. 590, 25 
major 2008 Code changes 
Art. 590, 39 
Theaters, audience areas of motion pic- 
ture and TV studios 
Art. 520, Parts |, Il, 1V,V, and V1, 
453-454 


major 2008 Code changes 
Art. 520, 465-466 
Therapeutic pools and tubs 
Art. 680, 166-167 
major 2008 Code changes 
Art. 680, 182-185 
Three-phase electrical system, 175-176 
Total harmonic distortion, 278 
Transformers 
Art. 450, 271 
boost and buck, 277-278 
Code discussion, 271-279 
grounding, 290-291 
input and output current, 277 
K-rated, 278-279 
major 2008 Code changes 
Art. 450, 292 
overcurrent protection 
boost and buck transformer, 
285-286 
only on primary (600 volts or 
less), 280-282 
primary and secondary (600 volts 
or less), 282-285 
ratings, 273-274 
tap rules, 286-290 
three-phase, 274-275 
types of, 272 
voltage and turns ratio, 272-273 
winding connections, 274 
winding taps, 275-277 
Turns ratio, 272-273 


U 

Underfloor raceways 
Art. 390, 431 

Underground feeder and branch-circuit 
cable 
Art. 340, 25 


Vv 

VA ratings, 273-274 
Voltage, 4 

Voltage drop, 216-219 
Voltage formula, 10 


WwW 
Watts, 13 
Winding taps, 275-277 
Wire 
dimensions, 5-6 
resistance, 7-9 
Wireway sizing, 70 
Wiring methods 
Art. 300, 19-20 
major 2008 Code changes 
Art. 300, 36 
Work formulas, 12-14 


x 
X-ray equipment 
Art. 660, 339 


Zz 
Zig-zag transformer, 272 
Zone 20, 21, and 22 locations for com- 
bustible dusts, fibers, and flyings 
Art. 506, 311 
major 2008 Code changes 
Art. 506, 321-322 
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